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ABSTRACT 
 
 This thesis examines the relationship between environmental factors and honey bee 
health.  I have three primary objectives in conducting this research.  First, I examine whether 
being located near neonicotinoid seed treated crops increases honey bee morbidity.  Second, I 
examine if forage availability and weather affect honey bee health.  Third, I provide a 
demonstration of how the biological modeling of environmental factor effects on honey bee 
health can be used by beekeepers to make cost-effective treatment decisions.  I take an 
interdisciplinary approach to tackling these objectives drawing on methods from epidemiology to 
test hypotheses informed by entomology.  This research is the first to make use of geocoded data 
from the USDA APHIS Honey Bee Disease survey to examine environmental factors, including 
forage availability and weather, which affect honey bee disease. 
I use varroa destructor mite and nosema parasite infection levels as measures of honey 
bee health. Varroa is an important measure of honey bee health because it has been linked to 
increased overwintering colony losses (USDA 2013).  Nosema has also been linked to higher 
overwintering losses and is also associated with decreased colony productivity (Botías, et al. 
2013). To proxy for neonicotinoid exposure, I use corn, soy, cotton, canola, sorghum, rice, 
barley, spring wheat and winter wheat as my treated field crops because nearly all seed planted 
to grow these crops is treated with neonicotnoids.  My hypothesis is that increasing the acreage 
of neonicotinoid seed treated field crops in the average forage range of two miles surrounding an 
apiary will lead to higher disease loads within the bee populations in those apiaries. I estimate 
pesticide exposure by examining key times bees are most likely to come in contact with 
neonicotinoids; when treated crops are planted and when they bloom.  I build on a previous study 
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by adding multiple years of apiary sample data and by using additional control variables 
including weather and forage availability.  In addition, I isolate observations of apiaries that were 
non-migratory for the analysis.  
 The results of the nosema analysis provide evidence that location near neonicotinoid 
treated field crops may be associated with higher levels of nosema in some cases.  When 
examining the relationship between nosema levels and the area of treated field crops without 
consideration for pesticide timing, I find that canola is the only one of the 9 field crops that is 
positively correlated with the nosema level of the colony.  When peak exposure timing controls 
are added to the analysis, I find evidence that nosema levels are higher during planting time for 
some crops.  Corn, soy, cotton, canola and rice all have a positive and statistically significant 
relationship to nosema level during planting time in at least some of the model specifications.  
Location near treated crops during bloom timing does not appear to be correlated with higher 
nosema levels.  The findings that being located near treated crops during planting time is 
correlated with increased nosema levels is consistent with findings from a lab study that found 
bee colonies exposed to low levels of the neonicotinoid imidacloprid had higher nosema levels 
compared with the control group (Pettis, et al. 2012).  My findings support the argument that 
neonicotinoid exposure should not be ruled out as a factor that influences honey bees’ ability to 
fight of nosema infection.   
I also examine whether being located near treated crops increases the likelihood of being 
contaminated with threshold levels of infection.  Examining threshold levels of infection is 
important because low levels of infection are less likely to lead to colony loss.  When I consider 
the threshold level of nosema of 1 million spores per bee, canola is correlated with a higher 
probability of nosema infection in all model specifications.  I also find that apiaries located near 
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canola have an increased probability of having a non-zero amount nosema detected in the apiary 
sample.  The consistent evidence that canola is correlated with more nosema is interesting 
because canola is typically considered a good forage crop for honey bees.  Therefore, one might 
expect that non-treated canola would be correlated with lower nosema levels because bees 
foraging on canola would be healthier over all.  The positive relationship between canola acreage 
and nosema level could be driven by pesticide exposure.  However, without precise measures of 
neonicotinoids surrounding the apiaries it is not possible to determine if neonicotinoids are the 
cause of this relationship.  It is possible that there is something about canola itself that leads to 
these higher nosema levels.  Further studies are needed to disentangle the effects of 
neonicotinoids and canola on the level of nosema infestation. 
The findings from the varroa mite analysis suggest that an increase in the nearby acreage 
of treated field crops is not correlated with an increase in mite level.  These results hold when I 
account for peak exposure periods during planting and blooming. Treated crops that do not 
provide comparative good bee forage including corn, barley and wheat are not correlated with 
higher mite levels.  When considering the threshold level of mite infection of 3 mites per bee, I 
find that apiary locations near neonicotinoid treated crops are not correlated with an increased 
probability of having a threshold level of varroa mite infection (except for rice in some 
specifications).  Therefore, there is little evidence to suggest that location near treated field crops 
will increase varroa mite levels. 
When pursuing my second objective of determining if forage availability and weather 
impact honey bee health, I expect that increased forage availability is correlated with morbidity 
levels.  I investigate 5 different strategies for controlling for forage availability.  Of these 
strategies, I find that using a Normalized Density Vegetation Index (NDVI) does the best job of 
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explaining morbidity levels.  My results suggest varroa mite level is negatively correlated with 
NDVI as expected.  Nosema level, on the other hand, is positively correlated with NDVI.   
When examining the relationship between weather and morbidity, I find the minimum 
temperature in the month of the sample is an effective indicator of honey bee health.  I expect 
that increasing the minimum temperature will be correlated with lower morbidity levels.  The 
results support this hypothesis in the case of both nosema and varroa.  I also examine the 
relationship between precipitation in the month of the sample and morbidity level.  The results of 
my analysis suggest that precipitation is neither correlated with nosema level nor varroa level. 
Finally, I demonstrate how using a biological model of honey bee health that takes into 
consideration environmental factors can improve a beekeepers’ abilities to determine whether to 
treat their colonies.  I use an example of an environmental model that predicts whether or not a 
colony has nosema parasite.  This model is useful because nosema is difficult to detect.  I show 
how a commercial beekeeper using the environmental model to choose which colonies to treat 
can theoretically save money by avoiding treating for nosema unnecessarily. 
The results of this research call attention to the complexity of honey bee health and the 
need for continued interdisciplinary research to solve the remaining honey bee health mysteries.  
Nonetheless, this research also highlights the usefulness of analyzing real world data as a 
compliment to existing lab-based scientific studies on honey bee health.   
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CHAPTER 1:  INTRODUCTION 
1.1 Honey Bees in Peril 
The availability of managed honey bees is a pressing concern.  According to the Report on 
the National Honey Bee Health Stakeholders Conference (2012), the supply of bees has been 
steadily declining from about 6 million colonies in 1947 to 4 million in 1970, to 2.5 million in 
2012.  In 2006, these concerns were further heightened because of record overwintering losses of 
32%.  This level of colony loss was well above the 15% lose rate that many beekeepers consider 
to be acceptable (vanEngelsdorp, Steinhauer, et al. 2013).   Since then the winter loss rate has 
averaged around 30%1.  About one third of those losses are attributed to Colony Collapse 
Disorder, a mysterious ailment, which leads honey bees to vacate their hive before they die 
(Williams, et al. 2010).  Honey bee health researchers are still working to determine the cause of 
CCD but most agree that a combination of factors lead to CCD including environmental stressors 
and pathogens (vanEngelsdorp, Evans, et al. 2009).  
Although CCD has received widespread media attention and has prompted new research 
into bee health, it is not the primary cause of overwintering loss.  Recent research has found 
varroa mites are the most detrimental pest to honey bees.  Higher levels of varroa within bee 
colonies are also correlated with increased levels of other viruses (Shen, et al. 2005).   A 
pathogen, Nosema, is another culprit blamed in recent years for harming bee colonies (USDA 
2013).   
                                                     
1 A BIP survey results found total colony loss over the winters in recent years to be 30.5% in 
2012-2013, 21.9% in 2011-2012, 30% in 2010-2011, 34% in 2009-2010, 29% in 2008/2009, 36% 
in 2007-2008, and 32% in 2006/2007. 
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Recently, several pesticides have been blamed for colony decline.  In particular, a class of 
nicotine-derived pesticides, neonicotinoids, have been implicated as a cause of bee deaths.  
Concern about neonicotinoid contamination of bees lead the European Union to declare a 2-year 
moratorium on three types of neonicotinoids, clothianidin, imidacloprid and thiametoxam 
(European Commission 2013).  The EU decided to proceed according to the precautionary 
principle.  The U.S. chose to continue the use of neonicotinoids until the harmful effects of 
neonicotinoids are clearly evident.  Crops benefit from the seed treatment through protection 
from harmful pest.  The U.S. approach is to wait for proof that the costs of neonicotinoid 
treatments outweigh the benefits before banning their use.   
Other factors of concern affecting honey bee health include environmental stressors such 
as poor diet and lack of plant diversity.  The expansion of modern agriculture has led to more 
mono-cropping and clearing of natural areas.  These trends result in diminished food availability 
and nutritional diversity for wild and managed bees.  This is troubling because research has 
found that honey bee colonies near greater areas of open land sustain fewer colonies losses and 
produced more honey compared with colonies located near a greater portion of developed land 
(Naug and Dhruba 2009).  Another study found that plant diversity from natural area is essential 
for maintaining large enough bee populations to pollinate cultivated crop (Kremen, Williams and 
Thorp 2002).  Research on Britain and the Netherlands has also found a link between decreases 
in the plants that bees pollinate and decreases in the bee population (Biesmeijer, et al. 2006).  
This research implies that forage availability is an important factor that effect honey bee health. 
 Although researchers have made a lot of progress towards understanding honey bee health 
and the causes of decline, many questions are left unanswered.  There is growing evidence that a 
cocktail of factors is likely responsible for colony loss rather than a single cause.  As a result, 
 3 
more honey bee researchers are beginning to use a multi-factorial approaches to examining the 
causes of colony loss (National Honey Bee Health Stakeholder Conference Steering Committee 
2012).  The complexity of factors affecting honey bee health makes studying colony loss 
difficult but a challenge worth undertaking given the value of the honey bee industry to the 
economy as well as the ecology of the landscape.  
A multidisciplinary approach is required to assess the damages to honey bee health from 
environmental factors including pesticide exposure.  The hypotheses about the factors affecting 
honey bee health found in the entomology literature described above can be tested using research 
methods from epidemiology and economics.  Epidemiological methods can help establish how 
environmental factor influence bee health outcomes, while economic tools aid in determining the 
costs of bee disease. 
1.2 Honey Bee Morbidity and Health 
Honey bee mortality is closely linked to with morbidity.  The two pests which are 
implicated in causing lower rates or overwintering survival are varroa destructor mites (Guzman´ 
-Novoa, et al. 2010) and nosema parasite (Higes, et al. 2008). 
Nosema parasite is a fungi that dwells in the gut of a honey and reduces the lifespan of the 
bee.  High nosema loads within a colony can lead to infected bees dying prematurely (USDA 
Agricultural Research Service 2010).  Several studies have found that sub-lethal neonicotinoid 
exposure is linked to higher susceptibility to nosema.  One study found that bees exposed to 
imidacloprid, a neonicotinoid, also suffering from nosema were significant weaker than colonies 
exposed to one or the other (Alaux, et al. 2010).  Another found that colonies previously exposed 
to nosema were more likely to die than non-nosema exposed colonies when the colonies were 
exposed to neonicotinoids, fipronil and thiacloprid, suggesting that nosema and neonicotinoids 
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have a synergistic effect on mortality (Vidau, et al. 2012).  The neonicotinoid, imidacloprid has 
also been linked to higher nosema spore levels in colonies chronically exposed to sub-lethal 
doses of the pesticide (Pettis, et al. 2012).   
Varroa destructor is a small mite that attaches itself to a bee and sucks blood from the bee.  
As a result, the bee becomes weakened (Ellis and Nalen 2013).  Stakeholders in the research 
community cite varroa as one of the most destructive forces harming honey bees (Steinhauer, et 
al. 2014).  Colonies that contain high levels of varroa are also more susceptible to other disease 
such as Deformed wing virus and Kashmir bee virus (Shen, et al. 2005). 
Another concern regarding honey bee health is neonicotinoid exposure.  Direct contact to 
neonicotinoids can cause bee death at some levels of exposure. Neonicotinoids are also known to 
be neurotoxic to bees in sub-lethal doses causing bees to become disoriented and uncoordinated.  
These effects can debilitate the bee’s ability to forage (Blacquie`re, et al. 2012).   
Honey bees are exposed to neonicotinoids through several routes.  One study found that 
the highest exposure to neonicotinoids from treated maize (corn) occurs during planting.  Most 
North American maize is planted using tractor drawn air planters.  Treated maize is sticky and 
requires talc to easily move through the planter.  A mixture of talc and seed treatments becomes 
airborne during planting, directly exposing bees to potentially toxic levels of neonicotinoids.  
Since the neonicotinoids in the seed treatments are systemic pesticides, meaning the plant 
absorbs the pesticide into its tissue, bees can continue to be exposed to the chemicals a sub-lethal 
doses after planting.  Neonicotinoids can be found in the crops that were treated with the 
neonicotinoids as well as in neighboring forage that was exposed to dust off during planting 
(Krupke, et al. 2012).   
 5 
Other crops such as soybeans, cotton, and barley are also coated with seed treatments 
containing neonicotinoids prior to planting and may cause similar types of exposure as maize.  
Professor Michael Gray, extension expert from the Department of Crops Sciences at the 
University of Illinois, said in an interview that almost all corn and soy seeds are treated with 
neonicotinoid pesticides.  According to Dr. Gray, seed treatments act as a cheap means of crop 
insurance.  From conversations with other agricultural extension professionals, I have been able 
to verify that most all cotton, barley, rice, canola, sorghum and wheat are treated with a seed 
coatings that contain neonicotinoids.  Unfortunately, a unified source of seed treatment 
information is not readily accessible.  The USDA NASS does conduct some environmental 
surveys, which include questions on agricultural pesticide usage.  However, these surveys only 
analyze postharvest applications, which does not include seed treatments.  The USGS has access 
to proprietary data on pesticide application that they use to determine water contamination 
estimates.  However, the USGS’s contract with GFK, the data collection company, does not 
allow the USGS to share the specifics of the pesticide application data. 
Some researchers think that bees are not exposed to high enough doses of neonicotinoid 
under typical crop conditions to cause health issues for bees.  Dr. Gus Lorenzo from University 
of Arkansas has suggested that neonicotinoid seed treatments are not harmful to bees in terms of 
exposure to contaminated nectar a pollen.  In research Lorenzo presented at the Beltwide Cotton 
Conference in New Orleans, he finds that neonicotinoids are not expressed in the reproductive 
part of corn, soy, or cotton plants in high enough levels to harm honey bee health (Lorenzo 
2014).  In fact when cotton and soy flowers were tested, no traces of neonicotinoids were found. 
The United Kingdom Department of Environment, Food and Rural Affairs complied 
evidence on neonicotinoid exposure to honey bees and concluded that findings suggest that 
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neonicotinoids do not harm bees under normal circumstances and that laboratory studies on the 
sub-lethal of neonicotinoids created extreme situations that do not replicate real world conditions 
(United Kingdom Department of Environment, Food and Rural Affairs 2013).  As a result, there 
remains an open debate as to whether sub-lethal amounts of neonicotinoids lead to poor health 
outcomes for bees. 
1.3 Why Are Honey Bees Important? 
Honey bees are a vital input in American agriculture.  Honey bees pollinate crops 
including nuts, berries, fruits and vegetables.  Some crops, such as almonds, require managed 
honey bees as an essential input in their production.  The pollination services provided by 
managed honey bee colonies add approximately $15 billion in crop value in the United States 
alone every year (USDA 2013).   Managed honey bees are rented out for their pollinations 
services for many crops such as almonds, blueberries, apples, and pumpkins to name a few. 
In addition to providing pollination for crops, honey bees provide positive externalities by 
pollinating natural areas as well as lawns and gardens, which benefit from honey bees free of 
charge.  The pollination provided by honey bees enhances the natural beauty of landscape and 
helps to encourage biodiversity.  Commercial crops often receive honey bee pollination services 
free of charge as well. 
 Honey bees are also valued for their honey production.  According to the USDA, managed 
honey bee operations with 5 or more colonies produced approximately $287 million worth of 
harvested honey in 2012 (USDA NASS 2013).  The total value of honey production in the 
United States is even higher when one considers the added value of backyard beekeepers (who 
keep fewer than 5 colonies) honey production.  Honey bees also produce beeswax, which has 
many uses including as an ingredient in candles and cosmetics.  Another product harvested from 
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honey bee colonies is bee pollen.  Bee pollen is prized for its health benefits as a food 
supplement and is sold in health food stores. 
Honey bees provide a wide variety of products and services to the United States and 
around the world.  Managed honey bees add to our ability to consume a varied diet as well as 
feasting our eyes on beautiful landscapes.  Bee products add delicious and nutritious foods to our 
diets as well as providing natural ingredients in some cosmetics.  For these reasons honey bee 
population is valuable asset to the American economy and way of life. 
1.4 Economic Effects of Honey Bee Decline 
The objective of this section is to give a quick overview of the historical trends of 
economic indicators of the health of the honey bee industry.  In addition, I present a literature 
review of the few economic papers that have examined the honey bee industry in recent years.  
Two primary signals of the health of the honey bee industry are the price of honey and the 
cost of renting bees for pollination.  Both of these prices have risen rather quickly over the last 
several years.  The USDA National Agricultural Statistic Service has been monitoring the price 
of honey since 1987 (Figure A.1 page 65).  The price per pound of honey was relatively stable 
until 1995 when the honey price underwent fluctuation between $1.04 to $1.79 in 2014 dollars 
over the next 10 years.  Since 2006, when CCD hit, the price of honey has taken a steady ascent 
up to $2.12 per pound in 2013 ($2.16 in 2014 dollars).  The price of honey nearly doubled over 
the 8-year period post CCD.  The rise in honey price in recent years coincides with the period of 
most concern regarding honey bee availability.  
The pollination market for honey bees is also directly affected by the supply of available 
pollinators.  The price of renting honey bees has increased dramatically over the past couple of 
decades particularly within the California almond industry.  The cost of renting bees for almond 
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pollination rose from an average price of about $37 in 1996 to $156 in 2012 (from $56 to $161 in 
2014 dollars) according to a California survey (California State Beekeepers Association 2012).  
In 2014, a Bee Informed Partnership survey of honey bee brokers found the average rental price 
to be even higher at about $175.    
Sumner and Hayley examined the effects of pollinator decline on California pollination 
rental costs between 1995-2006 to find that rental prices rose for representative crops including, 
alfalfa, apples, avocados, almonds and plums.  Plums and almonds, which compete for 
pollination in the same season, experienced the most dramatic increase in pollination rental price 
from around $37 in 1996 to over $70 in 2005.  The authors also point to demand side factors 
including the expansion of almond bearing acres as a contributor to the rise in pollination rental 
price.  Additionally, the authors note that the high demand for bees for almond pollination has 
led some beekeepers to specialize in almond season pollination.  These beekeepers often forgo 
collecting honey post almond bloom because almond nectar makes unpalatable honey.  Almond 
pollination specialization has further pressed the price of renting bees during the almond bloom 
upward (Sumner and Hayley 2006).  The Sumner and Hayley article predates the growing 
concern about prolonged years of higher overwintering loss rates. 
A more recent study by Rucker et al. from 2012 examined pollination markets by first 
creating a theoretical model of a competitive market for bee pollination services.  In this model, 
beekeepers rent their colonies to farmers who use land and bee to produce fruit and honey.  
Farmers retain ownership of fruit while beekeepers own honey that is produced.  In the 
equilibrium, farmers pay beekeepers for providing bee colonies for pollination.  The authors then 
test the implications of their model using data from Oregon and Washington State over a 23-year 
period from 1987-2009.     
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The authors make four predictions using their economic model.  First, that crops which 
yield more honey will have lower pollination rental fees.  In addition, given a fixed stocking 
density of colonies per acre the authors hypothesize that pollination fees vary with changes in 
acreage of pollinated crops and with beekeepers’ costs.  Given a fixed stocking density, they 
expect that crop prices will not affect pollination fees.  
In their empirical analysis the authors find that the cost of renting bees for pollination of 
honey producing crops is lower at a cost of roughly $17 less than non-honey crops.  Increases in 
almond acreage is correlated with higher pollination rental fees in specifications that do not 
control for diesel price.  When considering beekeepers’ costs, the study finds some evidence 
rising diesel prices increases pollination rental prices.  Bee rental prices for almonds are 
particularly susceptible to increases in diesel price because of the long distances beekeepers 
transport their hives for almond pollination.  However, due to the collinearity between almond 
acreage and diesel price the authors found it difficult to determine which factor was the main 
driver of pollination rental price. 
 Other factors influencing the pollination price rise over the period were increases in 
operating costs as a result of pest outbreaks.  In 1990, many Pacific Northwest apiaries became 
infested with varroa mite leading to an increase in input costs for beekeepers.  In addition, post 
2006 effects of CCD appear to only increase the price of almond pollination rentals between 
$15-$25 dollars depending on the model specification.  However, the post 2006 effects do not 
have an economically significant impact on non-almond crops.  The analysis also illustrates a 
significant increase in the price of pollination rentals post 2004 of between $33-$52, although the 
cause of this shift is unclear (Rucker, Thurman and Burgett 2012). 
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 Another study considers the impact of CCD on beekeepers’ costs.  The authors assert that 
beekeepers are adaptive in the face of overwintering colony losses and will split more colonies in 
order to expand their apiaries.  Their conclusion is that CCD has had at worst only a modest 
economic impact (Rucker, Thurman and Burgett 2011). (Rucker, Thurman and Burgett, Colony Collapse and the 
Economic Implications of Bee Disease 2011).  
There is only scant academic literature on honey bee economics.  Aside from the studies 
cited about the majority of the studies that have been conducted are focused on the needs of the 
beekeeping and almond industries.  
1.5 Research Objectives and Hypotheses 
My objective is to examine the effects of environmental factors on honey bee morbidity 
using real world data.  The field of applied economics arms researchers with tools that can 
complement scientific research and add to the body of academic literature in a way that strictly 
scientific studies cannot.  While lab experiments slowly chip away at the problem of 
understanding the honey bee morbidity and mortality by looking at one factor at a time, 
analyzing real world data using econometric analysis can allow for multifaceted big picture 
approaching to understanding honey bee health.   
It would be desirable to explore mortality data in this analysis as well.  However, the 
mortality data currently available does not contain precise enough location information to 
provide a link between location based environmental factors and mortality rates.  In the absence 
of this information, I use nosema and varroa loads as health indications because both are linked 
to colonies losses.   
Jessica Pasciak made great strides in contributing to the big picture approach in her thesis, 
“Crops, Pesticides, and Honey Bee Disease (2013).”  Her thesis examines how cropping patterns 
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and spatial correlation in colony locations affect morbidity.   However, Pasciak’s study had 
several limitations.  First, she only analyzed a single year of data, therefore variation over years 
was not captured in her analysis.  Second, Pasciak did not have data on apiary operation type that 
distinguishes migratory operations for non-migratory ones.  Therefore, the crop areas estimations 
in her analysis may not have accurately reflected the landscape surrounding the apiaries during 
the majority of the year if the sample was taken after the apiary was moved.  Third, Pasciak did 
not control for regional variation in weather, which is known by beekeepers to have an influence 
on honey bee health.  Fourth, she was unable to disentangle the effects of pesticide application 
from the overall effects of the treated crops.  Fifth, she did not examine threshold effects of 
nosema parasite and varroa mites.  Pasciak’s research yielded mixed results regarding the effects 
of cropping pattern on honey bee morbidity.  The inconsistency in her findings may have 
stemmed from omitted variable bias as a result of control factors that were left unaccounted for 
due to research time constraints.   
My goal is to enhance this area of inquiry by utilizing more of the available morbidity data, 
modifying model specifications, and adding crucial control variables.  I address limitations in 
Pasciak’s study by doing the following:  First, I add three more years of data to the study by 
analyzing morbidity data over a period from 2010-2013.  Second, I analyze the subset of 
beekeepers who are non-migratory by adding operation type data into the analysis.  Third, I add 
minimum temperature and precipitation to the analysis in order to control for regional weather 
patterns.  Fourth, I take steps towards disentangling the relationship between pesticide 
application and field crop effects by considering peak periods of pesticide exposure during 
planting and bloom time.  Fifth, I examine threshold levels of nosema and varroa.  I also add to 
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the analysis by specifying alternative means of analyzing forage availability by using vegetation 
index controls in some model specifications. 
My hypotheses regarding environmental factor effects on honey bee morbidity are as 
follows: 
1. Apiaries located near larger areas of neonicotinoid seed treated crops will be less 
healthy. 
a. Apiaries sampled during planting of seed treated crops will be less healthy. 
b. Apiaries sampled during bloom period of seed treated crops visited by bees will 
be less healthy. 
2. Regional weather variations will influence morbidity pattern. 
a. Cold will coincide with higher rates of morbidity factors. 
b. Low levels of precipitation will be correlated with higher rates of morbidity 
factors. 
3. Apiaries with greater food availability will be healthier. 
a. Apiary health is correlated with the blooming period of forage crops. 
b. Apiary health is correlated with vegetation cover.  
c. Apiary health is correlated with proximity to natural area. 
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CHAPTER 2:  Methods 
2.1 Introduction 
This analysis combines econometric and epidemiological methods to exam the question of 
how environmental factors influence honey bee health.  This study focuses on two morbidity 
factors as indicators of bee health: varroa mite load and nosema parasite load.  I explore whether 
pesticide exposure is correlated with higher varroa and nosema loads.  In particular, I examine 
the effects of location near crops seed treated with the neonicotinoids acetamiprid, clothianidin, 
dinotefuran, thiamethoxam and imidacloprid.  In order to estimate the degree of neonicotinoid 
exposure, I first identify which crops are traditionally seed treated with neonicotinoids including 
corn, soy, cotton, canola, sorghum, barley, rice and wheat.  Then using the apiary GPS locations 
from the APHIS Honey Bee Disease survey in combinations with USDA Cropscape data, I 
extract data on the amount of the area within two miles of the apiary that is covered by the 
treated crops.  I selected two miles for the buffer area because this is vicinity in which bees 
typically do most of their foraging.  Honey bees will travel further if necessary but will conserve 
energy by foraging locally when possible (Eckert 1933).  Therefore, this two mile area, which 
composes over 8,000 acres provides the best estimate of the crops that bees would forage on.     
I define crop area using to different strategies.  First, I calculate the percentage of the two 
mile buffer area occupied by each crop.  When I use this specification, a linear relationship 
between changes in treat crop area and morbidity load is assumed.  The second strategy is to use 
natural log transforms of the crop areas plus the crop area pixel size.  This method assumes that 
the marginal effects from increases of crop area at low level of crop acreages are higher than at 
high levels of crop acreage.  Adding the pixel size helps insure that the observations of crop 
areas of zero do not drop out of the analysis.  I employ both of these strategies because the real 
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world relation between neonicotinoids and the morbidity factors is unknown.  Therefore, there 
exist insufficient theoretical assumptions to guide a decision as to which area definition is more 
accurate.  
I refine the area definitions by disentangling the effects of the pesticide exposure from 
other influences of these treated crops such as nutrition availability, I look specifically at whether 
apiary locations near these crops are correlated with higher morbidity loads during times of peak 
exposure.  Peak exposure is expected during planting and during bloom as discussed above.  
I seek to further disentangle the effects of crop nutrition from pesticide effects by using a 
vegetation index control variable.  This variable indicates the degree of vegetation cover within 
two miles of the apiary.  When there is more vegetation coverage surrounding the apiary 
presumably more nectar is available to the bees.  An alternative method of estimating nutritional 
availability I employee is the amount of bee forage area in bloom during the sampling month.  I 
determine this information using the Cropscape data and NASA HoneyBee.net information on 
regional bee forage blooming months. 
Honey bee morbidity factors have distinct seasonal timing.  Varroa loads peak around 
September and nosema loads peak around April.  In addition, these morbidity loads vary from 
year to year.  Therefore it is necessary to control for the time of sampling.  In order to account 
for this, I use controls for sampling month as well as year fixed effects.  I also use regional fixed 
effects to control for other types or regional variation not observed in the data.  The regions are 
defined by the USDA 2012 Census regions.   
I also control for seasonal variations by including weather factors.  These controls include 
cold temperatures and precipitation at the time the samples was taken.  I use publicly available 
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interpolated climate data from the Prism Climate Group website to estimate local weather at the 
apiary site. 
Finally, I control for migratory operations.  Some of the beekeepers move their apiaries 
during the year in order to provide pollination services.  In these cases the location data given at 
the time of sampling may not be sufficient for determining exposures prior to the sampling date.  
Therefore, I analyze those colonies that were most likely to be stationary during the relevant 
exposure period (an explanation of my definition of stationary can be found in section 3.1). 
The analytical methods I use include the lowees smoothing function, OLS, tobit, and logit.  
First, I analyze morbidity factors by running the lowees smoothing function between the 
morbidity loads and the percentage area of each treated crop.  I also look at these relationships 
during planting time and during bloom time.  This process allows for visual inspection of the 
relationship between the mite load and the crop acreage.  I look for non-linearities in these 
relationships. The results from the lowees smoothing analysis are informative as to whether 
squared terms needed for the treated crops.  One might expect that pesticide exposure at low 
levels would be more detrimental than at high levels.  In this case, a negative coefficient on a 
treated crop squared term would be expected.  Conversely, the pesticides might only become 
harmful to bees when a certain concentration is reached.  In that case, I would expect to see a 
positive coefficient on a squared crop term. 
I use the tobit specification for the nosema analysis because in about half of the samples, 
no nosema was detected.  Therefore, nosema is a latent variable because some of the apiaries 
with no nosema may be healthier than others but we are not able to observe these variations in 
the nosema load measures.  The tobit regressions helps correct for the issues of biased and 
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inconsistent estimates that can occur when using OLS.  The varroa analysis does not require the 
use of a tobit regression because nearly all the samples contain some varroa mites. 
I employ logit regressions in order to analyze threshold levels of varroa and nosema 
contamination.  In this portion of the analysis I examine whether or not being located near a seed 
treated crop increases the probability of the apiary containing a the threshold level of 
contamination. 
For the economic analysis of the nosema treatment, I conduct a cost benefit analysis of 
fumagillin use.  Then I employ a logit model to improve beekeepers’ abilities to determine which 
colonies to treat. I create a hit or miss table to evaluate the success of the model in predicting 
whether nosema is detected in a sampled colony.  I define a positive prediction nosema presence 
as results that predicts a 50% or higher probability of nosema.  Finally, I use assumptions about 
beekeepers’ current treatment decisions to estimate the risk premium beekeepers place on 
avoiding nosema infections.  
2.2 Model 
I first run Full Crop Models (equations below) on nosema loads. These models include all 
the see treated crops (corn, soy, cotton, canola, sorghum, barley, rice, spring wheat and winter 
wheat) and a full set of controls including month trends, year fixed effects, and region fixed 
effects.  Models 5-6 and 8-12 contain vegetation controls.  Models 7-12 contain precipitation and 
minimum temperature controls.  
Model 1 is the base line model and does not include vegetation or weather controls.  Model 
2 controls for forage using a natural area control.  Model 3 controls for forage using natural area 
only when the sample is taken during a honey bee forage bloom month.  Model 4 interacts the 
natural area variable with a vegetation index in order to estimate forage availability while 
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allowing for variation between years.  Model 5 controls for forage availability using only the 
vegetation index, NDVI.  Model 6 controls for NDVI only during honey bee forage bloom 
months.  Model 7-12 use the same series of vegetation controls as in models 1-6 and also include 
the weather variables.  
Full Crop Models: 
Model 1: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 
Model 2: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 + 𝒏𝒂𝒕𝒖𝒓𝒂𝒍 𝒂𝒓𝒆𝒂  
Model 3: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 + 𝒏𝒂𝒕𝒖𝒓𝒂𝒍 𝒂𝒓𝒆𝒂 𝒊𝒏 𝒃𝒍𝒐𝒐𝒎  
 
Model 4: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 + 𝒏𝒂𝒕𝒖𝒓𝒂𝒍 𝒂𝒓𝒆𝒂 ∗ 𝑵𝑫𝑽𝑰 
 
Model 5: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 + 𝑵𝑫𝑽𝑰 
Model 6: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 + 𝑵𝑫𝑽𝑰 𝒅𝒖𝒓𝒊𝒏𝒈 𝒃𝒍𝒐𝒐𝒎 
Model 7: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖  + 𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝒕𝒆𝒎𝒑
+ 𝑷𝒓𝒆𝒄𝒊𝒑𝒊𝒕𝒂𝒕𝒊𝒐𝒏 
Model 8: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 + 𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝒕𝒆𝒎𝒑
+ 𝑷𝒓𝒆𝒄𝒊𝒑𝒊𝒕𝒂𝒕𝒊𝒐𝒏 + 𝒏𝒂𝒕𝒖𝒓𝒂𝒍 𝒂𝒓𝒆𝒂  
 18 
Model 9: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 + 𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝒕𝒆𝒎𝒑
+ 𝑷𝒓𝒆𝒄𝒊𝒑𝒊𝒕𝒂𝒕𝒊𝒐𝒏 + 𝒏𝒂𝒕𝒖𝒓𝒂𝒍 𝒂𝒓𝒆𝒂 𝒊𝒏 𝒃𝒍𝒐𝒐𝒎  
 
Model 10: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 + 𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝒕𝒆𝒎𝒑
+ 𝑷𝒓𝒆𝒄𝒊𝒑𝒊𝒕𝒂𝒕𝒊𝒐𝒏 + 𝒏𝒂𝒕𝒖𝒓𝒂𝒍 𝒂𝒓𝒆𝒂 ∗ 𝑵𝑫𝑽𝑰 
 
 
 
Model 11: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 + 𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝒕𝒆𝒎𝒑
+ 𝑷𝒓𝒆𝒄𝒊𝒑𝒊𝒕𝒂𝒕𝒊𝒐𝒏 + 𝑵𝑫𝑽𝑰 
Model 12: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 + 𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝒕𝒆𝒎𝒑
+ 𝑷𝒓𝒆𝒄𝒊𝒑𝒊𝒕𝒂𝒕𝒊𝒐𝒏 + 𝑵𝑫𝑽𝑰 𝒅𝒖𝒓𝒊𝒏𝒈 𝒃𝒍𝒐𝒐𝒎 
 
I run OLS on all of the above models first using percentage measures for crop area and 
then using natural log transformed crop areas.  For the nosema regressions, I also run a tobit 
regressions for the natural log transformed crop areas.   
Next, I run a Simple Crop Model that looks at each crop treated crop separately during the 
whole year, during planting and during bloom.  These models control for time trend, year fixed 
effects and region fixed effects.  These regressions do not control for other forage crops or 
weather. 
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Simple Crop Model: 
 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑟𝑜𝑝 𝑎𝑟𝑒𝑎 + 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑟𝑜𝑝 𝑎𝑟𝑒𝑎 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑙𝑎𝑛𝑡𝑖𝑛𝑔
+ 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑟𝑜𝑝 𝑎𝑟𝑒𝑎 𝑑𝑢𝑟𝑖𝑛𝑔 𝑏𝑙𝑜𝑜𝑚 + 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖  
 
Then I refine the simple crop model by looking at each crop during the whole year and 
during the peak exposure time (during planting) as a robustness check. I call this series of 
regressions the Simple Crop Models with Vegetation Controls.  The baseline model for these 
regression is illustrated below.  The vegetation controls in these regressions are the same as those 
in models 1-12.  This model is run separately for each treated crop. 
Simple Crop Model with Vegetation Controls Baseline Model: 
𝑀𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 = 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑟𝑜𝑝 𝑎𝑟𝑒𝑎 + 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑟𝑜𝑝 𝑎𝑟𝑒𝑎 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑙𝑎𝑛𝑡𝑖𝑛𝑔 + 𝑚𝑜𝑛𝑡ℎ
+ 𝑚𝑜𝑛𝑡ℎ2 + 𝑦𝑒𝑎𝑟𝑡 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖  
 
Next, I rerun The Full Crop Model 1-12 using threshold levels of nosema exposure using 
logit regressions.  For nosema, I use two threshold specifications.  First, I look at consider 
colonies with a least 1 million spores per bee as having a threshold level of exposure.  Then I 
consider the threshold level of exposure to be any non-zero amount of nosema.  
After the nosema analysis, I go through the same process for varroa mites.  Although, for 
the varroa analysis I do not use tobit because zero observation of mites are infrequent.  I also 
define a different threshold for varroa of 3 mites per 100 bees. 
Finally for the Economic Analysis section, I use the model below to demonstrate how 
environmental factors can be used to predict whether a colony has nosema.  Note that this model 
is similar to Full Crop Model 11 except it does not contain year fixed effects since beekeepers do 
not know the year fixed effects when estimating nosema loads for the upcoming season. 
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Nosema Presence Model: 
𝑁𝑜𝑠𝑒𝑚𝑎 𝑑𝑢𝑚𝑚𝑦
= 𝐶𝑜𝑟𝑛 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑦 𝑎𝑟𝑒𝑎 + 𝐶𝑜𝑡𝑡𝑜𝑛 𝑎𝑟𝑒𝑎 +  𝐶𝑎𝑛𝑜𝑙𝑎 𝑎𝑟𝑒𝑎 + 𝑆𝑜𝑟𝑔ℎ𝑢𝑚 𝑎𝑟𝑒𝑎
+ 𝑅𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 + 𝐵𝑎𝑟𝑙𝑒𝑦 𝑎𝑟𝑒𝑎 + 𝑆𝑝𝑟𝑖𝑛𝑔 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝑤ℎ𝑒𝑎𝑡 𝑎𝑟𝑒𝑎
+ 𝑚𝑜𝑛𝑡ℎ + 𝑚𝑜𝑛𝑡ℎ2 + 𝑅𝑒𝑔𝑖𝑜𝑛𝑖 + 𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝒕𝒆𝒎𝒑 + 𝑷𝒓𝒆𝒄𝒊𝒑𝒊𝒕𝒂𝒕𝒊𝒐𝒏
+ 𝑵𝑫𝑽𝑰 
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CHAPTER 3:  Data 
 
This study employs several USDA data sets including the Animal and Plant Health 
Inspection Services (AHPIS) Survey of Honey Bee Pests and Diseases, Cropscape data, 
Vegscape data and National Agriculture Statistics Survey planting timing data.  I also, utilize 
weather data from the Oregon State’s Prism database and forage data from NASA’s 
HoneyBeeNet website.  I geocode the APHIS survey data using ArcGIS.  Then I use the 
geocoded APHIS data Cropscape data maps in ArcGIS to extract data on the crops surrounding 
the apiaries.  In a similar fashion, I use ArcGIS to determine regional bloom timing as well as 
local weather and vegetation cover at the apiary site during sampling.  
3.1 APHIS Morbidity Data  
The USDA APHIS conducts the Honey Bee Pest and Disease Survey as a means of 
identifying pests, pathogens, and disease affecting honey bees in the United States.  These data 
are important because they can raise a red flag if exotic pests are identified, which may be 
carried into the Unites States through the illegal importation of bees from other countries. In 
addition, it provides a gauge for whether it is safe to export colonies from the U.S (USDA 
APHIS 2013).  This data set contains information on apiary samples collect in 2009-2013 
throughout the U.S.  In each sampled apiary, at least 8 colonies are tested for a number of 
diseases and pests.  State apiarist are asked to take these samples in representative areas of their 
state (Rennich, et al. n.d.).   
My study focuses on the measured outcomes of varroa destructor mites and nosema 
parasite as morbidity indicators because of their prevalence in the samples and the particular 
concern that they are associated with colony loss (National Honey Bee Health Stakeholder 
Conference Steering Committee 2012).  Nosema is measured in millions of spores per bee.  
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Varroa is measured by number of mites per 100 bees.  As a result, previous research evaluated 
this outcome as a continuous variable (Pasciak 2013).  I also use the continuous variable strategy 
for the first part of my analysis.   However, some bee researchers suggest that both varroa and 
nosema may only be harmful at threshold levels (vanEngelsdorp, Tarpy, et al. 2013, Genersch, et 
al. 2010).  Just like most human bodies can handle exposure to some germs and still be healthy, 
honey bee colonies may be able to tolerate a few varroa mites or nosema spores without ill 
effects.  I set the threshold level of nosema contamination at 1 million spores per bee 
(vanEngelsdorp, Tarpy, et al. 2013) and the threshold for varroa at 3 mites per 100 bees 
(Genersch, et al. 2010).  
The morbidity loads for nosema and varroa are continuous variables.  I log transform these 
variables and create histogram for each and find that nosema and varroa loads to are log 
normally distributed.  I add one to the varroa load values before taking the natural log in order to 
retain the zero observations.  I do not add one to the nosema load values before taking the log.  
As a result, the zero observations are censored from the continuous nosema analysis.  I chose this 
method because half of the samples do not contain nosema.  Furthermore, it is the standard in the 
entomology literature to analyze nosema by censoring zero observations (conversation with 
entomologist David Tarpy).  The goal is to analyze the degree of morbidity.  Therefore, it does 
not make sense to include apiaries that are not infested.  The zero values can be included in the 
varroa analysis because most all colonies in the United States are infected with varroa mites.  In 
many cases, a zero observation in the morbidity analysis for varroa does not indicate an apiary is 
free of mites (conversation with Dennis vanEngelsdorp and David Tarpy). 
In addition, the Honey Bee Disease Survey dataset provides GPS coordinates for each 
apiary, which I use to determine the location of the apiary in order to link the morbidity data to 
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the spatial data including forage and weather.  As illustrated in the morbidity maps of non-
migratory apiaries in Figures A.2-A.9 on pages 65-69, the comprehensiveness of the sample 
varies from year to year with the bulk of the sample being taken in 2011 and 2012.  State 
apiarists must opt into the programs to participate, which accounts for the distribution of the 
samples across the United States.  Hawaii is included in the sample; however, it was excluded 
from my analysis since it is not part of the contiguous U.S. and would therefore cause problems 
in the spatial analysis.  The results from 2009 are not illustrated because all of the samples taken 
during the first year were from migratory operations. 
 Summary statistics of the morbidity outcomes for the non-migratory apiaries that crop 
information is available for are illustrated in Table A.1 on page 70.  Varroa was found at 
detectable levels in 97% of these samples while only 49% of the apiaries were infected with 
nosema at a detectable level.  Approximately 58% of are infected with varroa at the threshold 
level of 3 or more mites per 100 bees.  Only 9% of the apiaries are contaminated with nosema at 
the threshold level of 1 million or more spores per bee.  Table A.1 also lists morbidity summary 
statistics for each year separately from 2010-2013. 
Other valuable data from the Honey Bee Disease Survey includes information on 
operation type.  The most frequent operations types listed by beekeepers were migratory, 
stationary, pollinator, honey production and queen production. Of the apiaries sampled 1,719 
reported an operation type.  Beekeeper could select any combination of operations types.  Some 
beekeepers listed both migratory and stationary as their operation type.  Of the beekeeper that 
responded to the operation type question, 35% listed stationary and 22% listed migratory as their 
operation type (Table A.2 on page 70).  Therefore, some beekeeper did not list migratory or 
stationary as one of their operation types.  
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 Ideally, we wish to have data on every beekeeper as having either stationary or a 
migratory operation type.  In the absence of a definitive metric of this information I constructed a 
migratory proxy variable to determine which operations are migratory.  My migratory proxy 
variable equals one when a beekeeper lists their operation as migratory or lists their operations 
type as pollination.  In most all instances, operations that provide pollination services also move 
their bees.  Therefore, some beekeepers who record their operation type as pollination may 
assume that it is not necessary to also list their operation as migratory.  In instances where the 
beekeeper lists that their operation as both stationary and a pollination operation, I consider the 
operation to be stationary.  Of the beekeepers who responded to the operation type question 37% 
met the migratory proxy criteria. Observation that met the migratory proxy criteria were not 
included in the regression analysis in order to avoid bias. 
3.2 APHIS Pesticide Data  
 The states apiarist who submit samples to the USDA for analysis select some apiaries to 
undergo additional testing.  Pollen samples are taken from these apiaries and analyzed for 
pesticides.  There were 503 apiaries samples taken over the period between July 2011 and 
November 2013.  The samples were tested for up to 174 pesticides, not all samples were tested 
for all of these pesticides.  Of the pesticides tested, 94 were not detected in any of the samples 
analyzed2.  A full list of these undetected pesticides can be found in Table B.2 (page 98).   The 
other 84 pesticides were found in at least trace amounts in at least one of the samples tested.  A 
list of all the pesticides detected can be found in Table B.3 (page 100). 
                                                     
2 These results should be view with some caution because the lab tested for these pesticides in 
as few as 124 of the 503 pollen samples. 
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 The pesticides of interest were detected in only a small fraction of the pollen samples 
(Table A.3 on page 71).   All the samples were tested for the neonicotinoids of concern.  
Dinotefuran was not detected in any of the 503 samples.  The other four neonicotinoids were 
detected in 2.6% or fewer of the pollen samples.  One sample contained imidacloprid and 
thiamethoxam.  Five samples contained chlothianidin and thimethoxam.    
 The pollen samples results can be used as a check of the level of pesticide exposure 
during bloom time.  However, the pollen samples are an insufficient measure of pesticide 
exposure during planting because bees may be contaminated by the pesticides without the 
pesticide contamination of pollen stores.   
3.3 Cropscape  
 Cropscape data are collected by the USDA and provide information on crop coverage in 
the U.S. dating back to 1997 and up to 2013.  Complete data coverage of the United States dates 
back to 2008.  I use the data available for 2010-2013 to coincide with the APHIS data on non-
migratory apiaries.  The resolution of these data is 30 meters squared per pixel (USDA NASS 
n.d.).  Figure A.10 illustrates an example of the Cropscape data and its coverage (page 71).  A 
complete list of the crop categories provided by Cropscape can be found in Table B.11 (page 
111). I extracted the crop area within two miles of each apiary.  Table A.4 lists the top 10 crop 
categories found within the buffers (page 72).  The top landscape types are primarily natural area 
categories.  In addition major crops including corn and soybeans surround many apiaries.  A 
comprehensive list of all landscape types surrounding the apiaries can be found in the appendix 
in Table B.4 (page 102). 
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3.4 Vegscape  
USDA NASS also provides data about on the vegetation cover of the United States over 
the period from 2000- 2014.  The objective of this database is provide researchers, policy makers 
and the agricultural community information to better understand the crop conditions within the 
United States.   For this study, I used data on the Normalized Difference Vegetation Index 
(NDVI), which NASS collects from the National Aeronautics Space Administration’s MODIS 
satellite (Mueller and Minchenkov 2013).  The USDA uses the NDVI in combination with rain 
fall indices to determine apiculture insurance pay outs (USDA Risk Management Agency 2014).   
The NDVI measures the density of vegetation within pixels representing 15 acres of 
landscape (Mueller and Minchenkov 2013).  Data on the NDVI is provided on a daily, weekly 
and biweekly basis.  I used the biweekly NDVI data, which provides information about the 
average NDVI within a 16 day window.  I linked each APHIS apiary location with the average 
NDVI within 2 miles of the apiary measured at the time of the sample collection.  Some of 
NDVI data are missing for a few of the sample collection times.  In those cases, I used the 
closest NDVI measure that preceded the sample collection. 
3.5 Plant Timing 
 Plant timing is valuable information in this analysis because it allows me to control for 
the timing of pesticides exposure.  Honey bees are exposed to high level of neonicotinoids during 
planting time because seed treatments are inadvertently dispersed across the landscape in clouds 
of dust during air planting (Krupke, et al. 2012).   
 NASS collects agricultural plant timing data for select crops in some states.  In this data 
set, there is information on the planting percentage by month for the United States.  The planting 
percentage data provides information on the start and end data of the planting season for each 
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year.  Corn, soy, cotton, canola, rice, sorghum, barley and spring wheat are planted in the spring.  
Winter wheat is planted in the fall (see Table A.5 on page 72).  Most spring planting occurs 
between April and June.  Fall planting occurs between September and November.   
Unfortunately, USDA planting time data is not available for canola.  However, most 
canola acreage in the United States is grown in the north.  Therefore, planting dates from 
southern Canada are similar enough to be comparable.  According to the Canola Council of 
Canada, in southern Canada canola seeding occurs in late April to early June (Canola Council of 
Canada 2013).  For this analysis, I estimate the planting window to be from April 20 to June 10 
in all 4 years.  
3.6 Bloom timing 
 Information on bloom timing of honey bee forage plants is useful in this analysis because 
bees are likely to be healthier when nectar sources are more abundant.  NASA provides 
information on honey bee forage regions within the U.S. on its website HoneyBeeNet (Figure 
A.11 on page 73).  The website provides a list of forage plants that bees frequent within each 
forage region within each state.  The data on the forage plants within these areas were collected 
through questionnaires given to beekeepers local to the regions as well as from information in 
literature on the subject.  The HoneyBeeNet information tables also provide data on whether the 
plants listed are considered to be signification nectar sources or not (Nickeson 2010).    
 Many of the honey bee forage crops fall into the natural area landscape category.  In this 
analysis, I use the blooms dates of plants that fall within the natural area category to determine 
forage availability in models 2-4.  When at least one of the forage crops is in bloom within the 
natural area category, the entire area is considered to be in bloom.  Bloom timing of natural area 
begins as early as January and as late as June.  Most apiary locations in the data are in locations 
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where the natural area begins to bloom in January or February.  For most apiaries, the forage 
bloom period ends in October or November but some apiaries have forage in bloom as late as 
December.  The window of time when no forage is in bloom is short for some apiaries. 
I also consider the bloom timing of treated crop to estimate pesticide exposure from 
pollen in model 4.  HoneyBeeNet lists corn, soy, cotton, canola and sorghum as sources of honey 
bee forage.  Unfortunately, not all states list these crops as sources of forage, however; we can 
safely assume that bees forage on these crops in multiple regions.  When a state does grow one 
of these crops but does not list the bloom timing dates for the crop, I use the bloom dates of the 
neighboring bloom regions to estimate the bloom timing for that area.  Table A.6, list the bloom 
months for these crops (page 73).  The bloom timing data only provides a range of months when 
these crops are in bloom and does not provide information on yearly variation.  For this reason, 
some of my models use the NDVI as an alternative measure of forage availability. 
 Spring wheat, winter wheat, barley and rice are not included in the treated crop bloom 
timing analysis because they are not considered forage crops for honey bees.  Therefore, 
HoneyBeeNet does not provide data on the bloom timing dates of these crops.  These crops are 
wind-pollinated are not adapted to attract pollinators.  However, honey bees can consume pollen 
from these crops (Burlew 2013). 
3.7 Prism Weather Data 
 Weather is an important determinant of honey bee health.  Cold weather is commonly 
associated with increased stress on bees because the bees will not venture out of the hive if 
temperatures are below 8 degrees Celsius (British Columbia Ministry of Agriculture 2012), 
reducing their food intake.  In addition during cold months, bees must expend energy to keep the 
colony warm, which add to further stress on the bees. This added energy expenditure can weaken 
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bees and may cause a higher susceptibility to pests.  Water availability is also important for 
honey bee health.  Therefore, the amount of precipitation around the apiaries may be influential 
on honey bee morbidity outcomes.  Prolonged periods of rain can reduce the bees forage 
opportunities and increase the likelihood of becoming infected with some viruses (Allen and Ball 
1996).  Therefore, these weather variables are important indicators of bee stress as well as 
feeding opportunities, which people in the beekeeping community think are correlated with 
honey bee health. 
 In order to control for weather in my model, I utilize the Oregon State Prism Climate 
Group database of interpolated climate data.  The database contains measures of average 
monthly minimum temperature, maximum temperature and total monthly precipitation.  The grid 
size of the pixels are 4 km2.  The precipitation is measured in millimeters and temperature is in 
degrees Celsius.  Prism has collected this data from as early as 1895 through July of 2013 (Prism 
Climate Group 2014). 
 I use the minimum average temperature within two miles of the apiary and the total 
precipitation in the month the sample was taken.  Since I am interested in the causal effects of 
weather on morbidity, I accounted for the weather immediately preceding the sample collection.   
The data provided by Prism is supplied by calendar month, so for all sample taken on or before 
the 14th of the month, I used the weather data for the previous calendar month.  For samples 
taken on the 15th or later I used the month of the collection.   
3.8 USDA Regions 
 I control for regional fixed effects using the USDA census regions.  These areas are 
illustrated in Figure A.12 on page 74 (USDA 2012).  I selected this regions to increase 
comparability with studies on overwintering losses and to isolate regionally cropping patterns. 
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 I analyze the landscape types in each region in order to identify regional differences in 
landscape surrounding the non-migratory apiaries.  I find the top twenty landscapes types for 
each region to determine predominant landscape types (see Tables B.5-B.10 on pages 105-110 
for summary statistics on the top 20 landscape types by region).   All 6 regions contain natural 
area categories among the top 20 landscape type.  These natural area subcategories include 
pasture, hay, woody wetlands, and forestland with deciduous trees.  Also, all 6 regions contain 
low intensity developed land and developed open spaces.  Corn and soy are common to USDA 
regions 1-4.    
 USDA region 1, which includes the Northeastern and some Midwestern states, contains 
the most observations with 397 apiaries located in that region (for the top crops in these regions 
see Table A.7 on page 75).  Corn and Soy are the most common crops grown near apiaries in this 
regions with corn ranking second and soy ranking third in the list of the top twenty crops.  
Alfalfa is also among the top 20 landscape types region 1.  The main crops surrounding apiaries 
in USDA region 2 (the Southeast) are corn, cotton and soy.  Winter wheat and peanuts are also 
among the top 20 landscape types in this area.  Region 3, which includes the south central states, 
has corn, soy, cotton, rice, oranges, winter wheat and sorghum in its top 20 landscape types.  
Region 4 (Midwest/West) contains the highest average acreage of barley, dry beans, canola, 
alfalfa and spring wheat.  Region 5 (Northwest) is the least represented in the dataset with only 4 
observations coming from that area.  Oats, corn and alfalfa are the main crops from region 5.  
Finally region 6 which includes California and Arizona, has the most crop categories among its 
top 20 including almonds, alfalfa, rice, walnuts, grapes, pistachios, winter wheat and olives. 
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CHAPTER 4:  Results 
4.1 Nosema 
First, I analyze the nosema outcomes by looking at simple correlations between nosema 
and the treated crops using the lowess smoothing function.  These results are a means of 
exploring whether nosema might increase when apiaries are located near treated crops, 
particularly during peak exposure.  Graphing these relationships also allows for the observation 
of nonlinear relationships between crop area and nosema load.  I include graphs for corn and 
soybeans (in Appendix A) because they are top two crops by acreage in the U.S. and they also 
appear frequently in the sample buffers. 
 Illustrated in Figures A.13-15 are the relationship between nosema and corn through the 
season, during planting and during bloom time (pages 76-77).  I find that corn is uncorrelated 
with nosema load when timing is not accounted for.  When I account for corn planting time, an 
increase in the corn acreage is correlated with higher nosema loads. When bloom timing is 
accounted for, an increase in the corn acreage is correlated with a lower nosema load.  When the 
subset of apiaries within the primary corn growing regions are analyzed, the directions of these 
correlations do not change.  This suggests that corn area is of most detrimental to nosema load 
during planting. 
Next, I analyze the relationship between nosema and soy using the same method (Figures 
16-18 on pages 78-79).  I find there is almost no correlation between nosema and soy when the 
whole season is accounted for.  During planting, nosema and soy have a slight positive 
relationship when soy area composes less than 30% of the 2 mile buffer area.  During bloom 
time nosema and soy appear to be uncorrelated.   
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Table A.8 summarizes the relationship between nosema and the treated crops using the 
lowees smoothing function (page 79).  The relationships between nosema and the treated crops 
when timing is not considered vary.  Corn, soy and rice appear to be uncorrelated with nosema 
loads.  Cotton, canola, barley and spring wheat are positively correlated with nosema.  Finally 
winter wheat and Sorghum appear to be negatively correlated with nosema load.  
The correlations between nosema and the treated crops are more difficult to observe when 
timing is accounted for because there are few observations taken during the planting time that are 
located near treat crops.  For example, there are only 4 samples taken during canola planting that 
are located near canola3.  In these cases, the relationship between the nosema load and the crop 
during the planting time are unclear.  For the bloom time correlations, corn, cotton and sorghum 
are all negatively correlated with nosema load.  Canola is positively correlated with nosema 
during blooming. The relationship between soy and nosema load during blooming is unclear.  
During planting time, there is some evidence that being locate near corn, soybeans and cotton 
correlates with higher nosema.  Overall, there does not appear to be strong evidence that the 
relationships between nosema and the treated crops are nonlinear.   
It is possible that the spatial distribution of the crops is driving the correlations in Table 
A.8.  As a robustness check I reran the lowees functions looking only at the USDA regions that 
contain at non-zero amounts of the treated crops.  I did not observe any striking differences in the 
correlations that could be observed.  In many cases, further restricting the sample made 
observing the correlations less clear because there are too few observations that contain the 
treated crops. 
                                                     
3 The four observations of samples taken by canola during planting were in Oklahoma during 
2013. 
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The lowees smoothing analysis has several limitations.  First, it does not account for 
proximity to other treated crops.  Second, it does not control for forage availability.  Third, 
weather is left in the unobservables.  In order to account for these factors, I use multivariate 
regression analysis running Full Crop Models 1-12 (the Full Crop model is describe on page 17).  
I employ OLS and tobit methods to run these regression.  In addition, I use two ways of 
specifying area in the OLS model.  First, I consider the treated crops as a percentage of the total 
area within the 2 mile buffer.  Second, I use natural log transformations of the crop areas.  The 
results of these models can be found in Tables C.1-C.6 (pages 112-117).   
In the OLS percentage regressions, I find that sorghum has a statistically significant 
negative relationship to nosema load in models 1-3 and 7-9 (Tables C.1 & C.2).  These models 
do not use the NDVI measure in the controls.  Spring wheat has a positive and statistically 
significant coefficient estimate in regressions 7-10.  None of the other treated crop coefficient 
estimates are statistically significant.  When the natural log transformations are used in the OLS 
regressions, none of the treated crop coefficients are statistically significant (Tables C.3 & C.4).  
When I use the tobit method, none of the coefficient estimates are statistically significant on the 
treated crops except for canola (Tables C.5 & C.6).  The canola coefficient estimates are positive 
and statistically significant in all 12 tobit regressions.  Model 11, which controls for NDVI and 
weather using the percentage measures of crop area does the best overall at predicting morbidity 
data.  For an abbreviated look at these result see Table A.9 on page 80, which compares the 
model 11 results for the nosema and varroa results. 
As a robustness test, I take a further look at the results of the crops that are statistically 
significant in some specifications including canola, spring wheat and sorghum.  First, I restrict 
the sample to those taken only in USDA region 4 because this region is where most of the canola 
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and spring wheat are observed within the apiary buffers.  I find that the tobit results for canola 
are robust to this restriction with coefficient estimates that are statistically significant in all 12 
models.  The spring wheat estimates, on the other hand, are no longer statistically significant 
under the region restriction.  Next I restrict the results to region 3 in order to test the robustness 
of the sorghum results and find that the coefficients on sorghum are not statistically significant in 
any of the regressions. 
     The results from the Full Crop Model described above still leave the questions as to 
whether the treated crops are correlated with higher nosema loads.  There is some evidence that 
canola may be associated with an increase in nosema load; however, this finding is only evident 
in the tobit models.  The next step is the analysis is to take a further look into whether pesticide 
exposure timing plays a role in the effects of location near treated crops.   
I restrict my models to looking at one crop at a time and differentiate between the 
pesticide exposure periods using planting time and bloom time crop interaction terms as 
illustrated in the Simple Crop Model (page 19).  I run OLS and tobit regression using the percent 
area and natural log area transformations.  The results of these models are reported in Table A.10 
on page 81.  
 I find that the sign of each coefficient is relatively consistent across model specifications.    
The only coefficient estimates that are significant across all 4 specifications are the coefficients 
on spring wheat which are consistently positive.  An important pattern that emerges from these 
results is that in most cases the bloom timing coefficient estimates are negative.  Furthermore, 
there are no instances of a statistically significant positive coefficients on the bloom time 
variables.  This information indicates that location near treated crops during bloom time is not 
correlated with higher nosema loads.  The coefficients on planting time; however, provide some 
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evidence that being located near treated crops is correlated with higher nosema loads.  Of the 36 
coefficient estimates on the treated crops during planting time, 25 are positive and 10 of those 
are significant.  The only negative and significant coefficient on plant timing is in the percentage 
OLS model for sorghum, yet both of the sorghum log models yielded positive and significant 
coefficient estimates for the planting time variable.  So the correlation between sorghum during 
planting and nosema is unclear.  These results suggest that location near treated crop tends to 
increase nosema loads in a least some cases.  Location near treated crops during bloom does not 
appear to increase nosema loads. 
 One concern about the planting time coefficients is that they may be picking up other 
unobserved seasonal characteristics.  For example, forage availability maybe lower in the spring 
when most crops are planted than during bloom time.  Lack of forage could drive the positive 
correlations between treated crops and nosema during planting time.  In addition, unobserved 
seasonal changes in weather could drive the results. As a robustness check, I rerun all 9 treated 
crops separately using the 12 Simple Crop with Vegetation Control Models that use the forage 
and weather controls (described on page 19).  Results of model 11, which uses weather and 
NDVI controls, can be found in Table A.11 on page 83.  The results for each crop with all 12 
model specifications can be found in Tables C.7-C.15 on pages 118-126. 
In the percentage models for corn, I find that the planting time variable coefficient 
estimates are significant and positive in the first 6 models (Table C.7 page 118).  When weather 
controls are added, the significance of the coefficient estimates on the planting time interaction 
decrease; however, the estimates remain positive.  In the natural log models, the coefficient 
estimates are also all positive and significant in models 1-6.  When weather controls are added to 
the natural log models, the coefficient estimates on the planting time variables are no longer 
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statistically significant but remain positive.  These results suggest that apiaries located near more 
corn acreage that were sampled during the corn planting time have on average higher nosema 
loads than those near fewer acres of corn ceteris paribus.  Therefore, location during corn during 
peak neonicotinoid seed treatment exposure may lead to increases in nosema loads. 
Figure A.19, illustrates a simulation of how much an increase in corn acreage during 
planting is expected to increase nosema load given the coefficient estimate from the OLS 
regression on Simple Crop Model with Vegetation Controls 11 with percentage area (page 84).  
The coefficient estimate for corn during planting is 0.0307.  This suggests that an apiary sampled 
during planting time with 10% of the area within 2 miles occupied by corn is expected to have a 
nosema load that is 31% higher than an apiary with no corn within two miles4. 
 The results for soybean percentage models indicate a positive and statistically significant 
relationship with nosema load during planting.  None of the soybean natural log models have 
statistically significant results on the planting time variable; however, all the coefficient 
estimates are positive (Tables C.8 on page 119).  These findings suggest that there may be a 
linear relationship between soybean area and nosema loads.  The simulation of the effects of 
location near soybeans during planting is nearly identical to the corn simulation in Figure A.19.  
The coefficient estimate in the OLS percentage Simple Crop Model 11 for soy during planting is 
0.0309.  This suggests that an apiary with 10% of its 2 mile buffer area covered in soy is expect 
to have a 31% higher nosema load than and apiary without any soybeans within two miles5.  
                                                     
4 The apiary surrounded by the most corn had 62.9% of its buffer area planted in corn.  The 
average apiary had 7.8% of its buffer area planted in corn. 
5 The apiary surrounded by the most soy had 56.4% of its buffer area planted in soy.  The 
average apiary had 6.9% of its buffer area planted in soy. 
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For cotton, none of the percentage models have coefficient estimate on the planting time 
variable that are statistically significant (Table C.9 page 120).  The natural log cotton results 
have positive and significant coefficients on the planting time variable.  When weather is 
accounted for, the estimates are still positive but only statistically significant in model 11.    
 The coefficient estimates on planting time are positive and statistically significant in all 
12 model for canola with the percent area and natural log transformations.  As illustrated in 
Figure A.20 on page 84, location near canola has a much stronger relationship to increased 
nosema loads.  Note that the scale on the y axis is wider in Figure A.20 to accommodate the 
greater magnitude of expected change in nosema load from increasing the canola acres.  The 
OLS percentage Simple Crop Model 11 for canola indicates that an apiary with 10% of its 2 mile 
buffer covered in canola is expected to have a 694% higher nosema load than an apiary that does 
not have canola within its two mile buffer.  When interpreting Figure A.20 please note that none 
of the apiaries sampled are surrounded exclusively by canola.  The apiary surrounded by the 
most canola had 20.7% of its 2 mile buffer planted in canola.  The average apiary had less than 
1% of its 2 mile buffer planted in canola.   
The direction of the correlation between sorghum and nosema load is less clear (Table 
C.11 page 122).  The coefficient estimate on planting time is significant and negative in 9 of the 
12 percentage regressions.  In regressions 1-6 of the natural log sorghum results suggest a 
positive statistically significant between nosema load and sorghum during planting.  When 
weather is added to the natural log sorghum regressions 7-12, the coefficient estimates are no 
longer statistically significant.  The planting time coefficients on rice are positive and statistically 
significant only in the natural log transformed model 1-6 (Table C.12 page 123).  None of the 
planting time coefficient estimates are statistically significant at the 10% load in the barley and 
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wheat regressions.  For spring wheat, all the coefficient estimate on planting time are positive but 
none are statistically significant.  Overall the results of these regressions provide some evidence 
that location near treated crops at the peak exposure time during planting may be positively 
correlated with higher loads of nosema. 
 If location near treated crops does increase nosema loads, another question is whether the 
associated increase in nosema load is likely to have a biologically significant effect on the health 
of a colony.  Therefore, the next step in this analysis is to look at whether location near treated 
crops increases the likelihood of being contaminated with the threshold load of 1 million nosema 
spores per bee.  First, I ran logistic regressions on the Full Crop Models (results in Tables C.16-
C.23 on pages 127-134).  In the percentage regressions, I find that winter wheat is the only crop 
with a statistically significant correlations with nosema (Table C.16 & C.17).  The correlations 
between winter wheat and nosema are negative in all 12 percentage models.  In the natural log 
regressions, nosema is positively and correlated with canola (Table C.18 & C.19).  The log 
regression canola results are statistically significant in model 1-3, 7-9 and 12.   
 As a robustness check, I rerun the logistic regressions using a nosema dummy variable 
that equals 1 when a non-zero amount of nosema is detected.  The results of these regressions 
can be found on pages 131-134 in Tables C.20-C.23.  In the percentage regressions, canola has a 
statistically significant positively correlated with nosema in all 12 models.  Barley has a 
statistically significant negative relationship to nosema in all 12 models.  There is also some 
evidence that rice is positively correlated with nosema in model 7-12 because the coefficient 
estimates are statistically significant at the 10% level.  In the log regressions, there is little 
evidence that nosema is correlated with the treated crops.  Winter wheat is the only crop that has 
statistically significant coefficient estimates, which appear in model 5 and 11.  The correlation 
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between winter wheat and nosema are positive in all the log models.  These results are 
interesting because the coefficient estimates in winter wheat are negative in the percentage 
models.   
 Canola consistently reappears as a treated crop that has a positive correlation with 
nosema.  This result is interesting because canola is typically considered a good forage crop for 
honey bees.  I check the robustness of the relationship between canola and nosema by rerunning 
the canola planting time regressions with month fixed effects instead month trend variables 
(Table A.12 page 85).  With the month fixed effects, I find canola area has a statistically 
significant positive correlation with canola both throughout the year and during planting in the 
percentage models. In the log models, canola continues to be positively correlated with nosema 
load.  However, the coefficient estimates on the planting time variable are not statistically 
significant.  Therefore, it is difficult to determine for certain whether this positive correlation is 
due to pesticide effects or if there is something about the canola plant itself that increases the 
nosema load. 
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4.2 Varroa Mites 
 Following a similar procedure as in the nosema analysis, I first examine the lowess 
smoothing relationships between varroa mites and the treated crops.  Looking first at corn, I find 
that increases in acreage of corn within two miles of the apiary is correlated with a higher varroa 
mite loads (Figure A.21 on page 86).  When I take timing into consideration, this relationship is 
negative during planting time but positive during bloom time (Figures A.22-23 on). 
Mite loads appears to be uncorrelated with soybean area when all the soy observations 
are considered (Figure A.24 on page 87).  Mite loads are also uncorrelated with soybean acreage 
during the bloom time (Figure A.26).  The soybean mite relationship is unclear during planting 
time (Figure A.25).  
  Table A.13 on page 88 contains a summary of the lowess smoothing relationships 
between mite loads and all the treated crops.  Two interesting patterns emerge for this analysis.  
First, the relationships between mites and the treated crop during planting are never positive.  
Second, the relationships between mites and treated crop during bloom time are never negative.  
This patterns most likely occurs because of the seasonality of varroa mite load.  Mite load is 
highest in September, close to the bloom time and lowest in winter and early spring around 
planting time. 
 Next, I run the Full Crop Models 1-12 using OLS.  Unlike the nosema analysis, it was 
unnecessary to run a tobit model because there are so few apiaries in the sample data that have a 
mite load of 0.  The full tables of the results can be found in Tables D.1-D.4 (pages 135-138). An 
abbreviated table containing the model 11 results using percentage crop area controls can be 
found on page 80.  In the percentage models, cotton, barley and spring wheat have a statistically 
significant negative relation with mite load in all 12 regressions.  Sorghum is negatively 
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correlated with mite load in the percentage regressions when weather is not included in the 
controls.  
 In the Full Crop model results using the natural log area transformations, cotton and 
spring wheat remain statistically significant and negative in regressions 1-12.  Rice has a 
statistically significant positive relationship to mite load in all but 1 of the 12 natural log 
regressions.  The full crop model results provide very little evidence that location near the treated 
crops of interest increase mite loads.  Rice is the only crop to have a positive and statistically 
significant relationship to mites in any of the full crop model regressions. 
 Next, I run the simple crop models looking at each crop separately within its planting and 
bloom time.  The results of the varroa mite simple crop model analyses are listed in Table A.14 
on page 77.  I find that 7 of the 10 coefficient estimates on the bloom timing variables are 
negative and 4 of those are statistically significant.  The bloom time coefficients are statistically 
significant and positive in the percent models for cotton and sorghum.   
The planting time coefficient estimates have more varied results.  Only 3 of the 18 
planting time coefficient estimates are negative and statistically significant.  These estimates 
show up in the soy natural log regression and the percent regressions for spring and winter 
wheat.  There are 3 of the 18 planting time coefficients that are positive and statistically 
significant.  These results occur in the natural log regression for winter wheat and in the 
percentage regressions for cotton and sorghum.  The simple crop model results provide little 
evidence of that mite loads are higher near treated crops even when peak exposure timing is 
considered. 
As a robustness check, I run the Simple Crop Model with Vegetation Controls on each 
treated crop and its planting time interaction using not only the timing controls and region fixed 
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effects but also the various vegetation and weather control specifications.  The results of these 
regressions can be found in Tables D.5-D.13 on pages 139-147.  Table A.15 illustrates an 
abbreviated version of these results on page 91.    Of the 9 crops, winter wheat is the only one to 
have a positive and statistically significant coefficient on the planting time interaction within any 
of the models.  The winter wheat planting time coefficient is positive and statistically significant 
in all 12 of the natural log regressions.  Curiously, the coefficient on the winter wheat planting 
time variable is negative and statistically significant in all 12 of the percentage regressions.  The 
results of the robustness check described above, provide further evidence that location near 
treated crop is not correlated with an increase in mites even when peak exposure time during 
planting is considered. 
Finally, I examine the relationship between threshold level varroa contaminations and 
treated crops.  I do this by running the full crop model the varroa mite threshold dummy, which 
equals 1 when there are at least 3 mites per 100 bees in the sample.  The results of this analysis 
are in Table D.14-D.17 on pages 148-151.  Rice is the only crop that has coefficient estimate that 
is positive and statistically significant in any of these regressions.  The positive and statistically 
significant results for rice appear in the natural log regressions 7-9. As a robustness check, I 
rerun the results for with a threshold of 5 mites per 100 bees and find that location near 
neonicotinoid seed treated crops is not correlated with an increases in varroa mite loads.  The 
logistic regression results indicate that location near treated crop does not increase the likelihood 
of becoming contaminate with the threshold level of varroa mites.   
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 4.3 Forage and Morbidity 
 I use 5 different strategies for controlling for forage availability: natural area, natural area 
during bloom time, natural area× NDVI, NDVI, and NDVI during bee forage bloom time.  I 
expect that increase in these measures indicate increases in forage availability.  I expect that 
forage availability is correlated with the honey bee health factors. 
Using the lowess smoothing function, nosema appears to have a slight positive 
correlation with the forage controls.  Mite load, on the other hand, appears to be negatively 
correlated with all of the forage availability variables.  Figure A.27 on page 92 illustrates the 
lowess relationship between nosema and NDVI.  Figure A.28 shows the relationship between 
mites an NDVI.  The relationship between nosema and NDVI as well the relationship between 
varroa and NDVI both appear to be nonlinear.   
Reviewing the results from the Full Crop Models can aid in identifying which of the 5 
measures does the best job of explaining morbidity loads.  First looking at the nosema Full Crop 
Model results, I find that the coefficients on natural area and natural are during bloom time are 
not statistically significant in the OLS or tobit models.  The coefficient estimates on the un-
interacted NVDI measures are positive and statistically significant in all Full Crop Model 
regressions that also control for weather.  The interaction term between natural area and NDVI 
has a positive and statistically significant coefficient estimates in the tobit regressions and in the 
OLS natural log regression with weather controls.  The NDVI bloom timing control appears to 
be least affective of the NDVI forage controls because it produces fewest statistically significant 
estimates.  The regressions that use NDVI and weather controls have the largest R2.   These 
results indicate that NDVI is the forage control that does the best job of explaining nosema load. 
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Varroa loads also appear to be explained best by NDVI as a forage control.  However, 
unlike nosema, varroa is negatively correlated with NDVI.  The coefficient on NDVI is statically 
significant in all the varroa Full Crops Models.  The coefficient on interaction term between 
natural area and NDVI is statistically significant in the Full Crops Models that use natural log 
crop areas.  All of the other forage measures are not statistically significant in any of the varroa 
Full Crop Models.  The varroa models that use NDVI as forage control measure also have the 
largest R2s.  Thus, NDVI appears to be the best measure of forage availability for both nosema 
and varroa mites.  However, the positive correlation between nosema and NDVI is unexpected. 
Figure A.29 on page 93 shows a simulation of how increasing the NDVI in the Full Crop 
Model 11 using percentage of crop areas and weather controls affects nosema and mite loads.  
The NDVI coefficients in both models are statistically significant at the 10% level.  This model 
estimates that a 10 unit increase in NDVI will increase nosema load by 8.9% holding other 
factors constant.  Another way to look at this is that an apiary with the largest NDVI is expected 
to have an 83.6% higher nosema load than the apiary with the lowest NDVI6.  The varroa result 
indicates that a 10 unit change in NDVI (about a 10% change) is expected in decrease varroa 
load by 3.7%.  The confidence interval for the nosema simulation is much wider because there 
are fewer observations of nosema.  These simulations indicate that changes in NDVI are 
expected to change nosema load more than varroa load.   
 
4.4 Weather and Morbidity 
The two weather control variables I include in my analysis are minimum temperature and 
precipitation during the sampling months.  I expect that increases in minimum temperature will 
                                                     
6 The minimum NDVI in the sample is 152.23 and the maximum is 246.44. 
 45 
be correlated with better honey bee health.  Therefore as minimum temperature increases, I 
expect to see a decrease in morbidity loads.  Precipitation is also expected to have a beneficial 
impact on honey bee health up to a point.  However, I expect high levels of precipitation to be 
detrimental to bee health  
I first look at the relationship between minimum temperature and nosema using a lowess 
smoothing function and find that, as expected, increases in minimum temperature are correlated 
with lower nosema loads (Figure A.30 on page 94).  In contrast, varroa loads appear to increase 
as minimum temperature increases up to about 8 degrees Celsius.  When the minimum 
temperature warms beyond 8 degrees Celsius, further increases in temperature do not appear to 
significantly change varroa loads (Figure A.31 on page 95).  These results might be deceptive 
because nosema loads peak in April, a cooler time of year and varroa peaks in September a 
warmer time of year.  Therefore, the lowess correlations might be driven by seasonal changes 
rather than regional weather variation.   
I evaluate if these correlations hold up in the Full Crop Models for nosema and varroa (this 
model includes controls for location near the 9 treated crops).  I find that in the OLS Full Crop 
Models for nosema the coefficient on minimum temperature is negative and statistically 
significant at the 1% level in all the regressions.  However, when I use tobit, the coefficient 
estimates on minimum temperature are no longer statistically significant but they remain 
negative.  In the varroa OLS Full Crop Model regressions, the coefficient is negative and 
statistically significant in most all of the specification.  However, the minimum temperature 
coefficients the varroa analyses are smaller in magnitude and less statistically significant than in 
the nosema regressions.   
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Figure A.32 on page 95 illustrates a simulation of the expected changes in morbidity load 
that result from changes in minimum temperature estimated in the Full Crop Model 11 using 
percent area crop measures.  This model estimates that a 1 degrees Celsius increase in minimum 
temperature will result in a 6.4% decrease in nosema load and a 1.2% decrease in varroa load.    
Next, I analyze the lowess smoothing relationships between the morbidity factors and 
precipitation during the sample month.  The lowess smoothing relationship between nosema and 
precipitation show no correlation between nosema load and precipitation.  Varroa appears to be 
positively correlated with precipitation but only at precipitation levels of 275 millimeters per 
month or more, which is well beyond the average precipitation7.  The coefficient estimates on 
precipitation in the Full Crop Models for both nosema and varroa are close to zero and are not 
statistically significant.  These results suggest that precipitation has neither a significant impact 
on nosema load nor mite load.  The findings of the weather control variable analysis suggest that 
it is worthwhile to control for minimum temperature when predicting nosema and varroa loads 
but it is not worthwhile to control for precipitation. 
  
 
 
  
                                                     
7 The average precipitation per month was 102 millimeters per month.  Over 90% of the 
samples were taken in a month with 187 millimeters of precipitation or fewer. 
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CHAPTER 5:  The Economics of Nosema Treatment 
 
 The purpose of this chapter is to present a hypothetical analysis of a commercial 
beekeeper’s decision to treat for nosema parasite.  The analysis is intended to illustrate how 
taking environmental factors into account can aid beekeepers in making informed decisions 
about whether to treat for honey bee disease.  
5.1 Background 
 Nosema parasite, a fungus that lives in the gut of honey bees, is difficult to detect because 
it is microscopic, and therefore not detectable without laboratory tests.  In addition, honey bees 
do not always show outward signs of nosema infection.  Thus, beekeepers who wish to figure out 
if their apiary is contaminated with nosema must have a sample of their bees tested in a 
laboratory.  This testing can be costly in terms of labor and expenditure.  As a result, many 
commercial beekeepers8 treat for nosema as part of their routine apiary maintenance rather than 
in response to nosema outbreaks (conversation with entomologist Katie Lee).  This prophylactic 
treatment may lead to the over use of treatments for nosema among commercial beekeepers.  
Over use of treatment for nosema could be problematic because it can lead to cost inefficiency to 
beekeepers and may generate negative externalities to others in the beekeeping community.  
Negative externalities from overuse of treatment can occur when over use of treatment speeds 
the development of pest resistance.  Pest resistance can lead to the need to use stronger 
treatments which can be financially costly and can also put greater stress on the bees being 
                                                     
8 The Bee Informed Partnership 2013 Management Survey found that respondents who treated 
for nosema with Fumagillin managed on average 292 colonies whereas beekeepers who did not 
treat with Fumagillin managed 100 colonies on average.  This result suggests that larger scale 
beekeepers are more likely to treat with Fumagillian. 
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treated.  In some cases, pest resistance can lead to the loss of any effective treatments until a new 
treatment can be developed. 
 There are two types of nosema that infect bees in the United States nosema apis and 
nosema ceranae.  Fumagillin is the only approved antibiotic available to treat nosema in the 
United States.  A recent study found that Fumagillin suppresses both types of nosema when used 
at manufacturer recommended dosage.  However, nosema ceranae levels rebound more quickly 
than nosema apis.  As a result, some researchers question the effectiveness of Fumagillin for the 
treatment of nosema ceranae (Huang, et al. 2013).   
In 2011, 2012, and 2013 the Bee Informed Partnership conducted a management survey 
to evaluate how a selection of honey bee treatments including Fumagillin relate to overwintering 
colony loss.  In 2011, BIP found that beekeepers who used Fumagillin lost approximately the 
same number of colonies as beekeepers who did not use the product.  Both groups lost on 
average 34% of their colonies in over the winter of 2010/2011.  In 2012, beekeepers who used 
Fumagillin lost fewer colonies on average compared to those who did not use the product at rates 
of 22% and 24% respectively over the winter 2011/2012.  Over the winter 2012/2013, 
Fumagillin users lost on average 41% compared with a 44% average loss rate among beekeepers 
who did not use the product.  However, these differences were not statistically significant in any 
of the three analyses.  
Perhaps it is not surprising the winter losses between these two groups are so similar 
since beekeepers often treat regardless of whether nosema is present in the colony.  If nosema is 
not present in the colony, the marginal benefit of treatment is likely to be near zero (assuming 
fumagillin does not harm bee colonies).  Also, the group that did not use Fumagillin may have 
used a different product to fight nosema such as Nosevet.  However, fewer than 3% of the 
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respondents used Nosevet in all three survey years.  Nosevet also does not appear to be an 
effective treatment to reduce overwintering loss.  In winter 2010/2011, Nosevet users lost the 
same number of colonies on average as those who did not use the product (34%).  Over the 
winter 2011/2012, Nosevet users had higher overwintering losses on average (27%) than non-
Nosevet users (23%).  In 2012/2013, Nosevet users had lower overwintering losses on average 
(38%) than non-Nosevet users (43%).  Nosevet users and non-users did not have a statistically 
different overwinter loss rate on average during any of the survey years. 
Fumagillin appears to be the most widely accepted treatment for nosema.  Furthermore, 
the results from the 2012 and 2013 survey years indicates some evidence that using Fumagillin 
may mitigate overwintering loss.   
5.2 Benefit Cost Analysis of Fumagillin Treatment 
Using the BIP Management survey results form 2013, I can estimate the approximate 
costs and benefits of using Fumagillin.  First, I assume based on the 2013 survey results that 
beekeeper who used Fumagillin were able to retain 3% more of their colonies than those that did 
not treat (the average loss of those who did not treat 44.1% minus the average loss of those who 
treated 41.1%).  If I assume a colony value of $1609, the expected benefit of using the Fumagillin 
treatment per colony is $4.80 (the $160 value of the colony times the expect benefit of a 3% 
reduction in overwintering loss).  The cost of one dose of Fumagillin is $3.6210.  Therefore if a 
                                                     
9 This estimate is based on the average value commercial beekeepers place on their colonies in 
May.  This result was found from a BIP survey of 8 commercial beekeeper.  I selected the May 
colony value because that is the value placed on remaining colonies immediately after 
overwintering losses are calculated according to the BIP Winter Loss Survey.   
10 Fumagillin-B, is the commercially available Fumagillin treatment.  It is an antibiotic that is 
mixed with sugar syrup and feed to bees.  The recommended dosage of Fumagillin- B is 
approximately 79 milligrams per gallon of syrup with one gallon of syrup feed in the spring and 
two gallons feed in the fall.  A commercial beekeeper can purchase 9.5 grams of Fumagillin-B 
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colony has nosema, the expected net benefit from saved overwintering colonies due to 
Fumagillin treatment is $1.18 (the expected benefit of $4.80 minus the $3.62 expected cost). 
 In the APHIS National Honey Bee Disease Survey data I find that nosema was detected 
in 50% of the non-migratory apiary samples11.  Therefore, a beekeeper who treats all the time 
without testing for nosema will be treating an infected colony 50% of the time.  As a result, the 
nosema treatment is wasted half of the time. Therefore, half of the time the beekeeper will get 
the net benefit of $1.18 and the other half of the time will spend $3.62 on treatment without 
getting a benefit of reduced overwintering loss.  As a result, the expected benefit of using 
treatment on all colonies regardless of whether nosema is present in those colonies is -$1.22 per 
colony ( 0.5 × $1.18- 0.5 × $3.36).  This may seem like a small loss but when you consider how 
many colonies a commercial beekeeper maintains, the cost of treatment can add up.  BIP defines 
a commercial beekeeping operation as one that maintains over 500 colonies.  If we consider a 
small commercial operation with 501 colonies, the expected loss of treating all colonies 
regardless of whether nosema is present is $611.22.    
By using a logit model that predicts whether a colony is likely to have nosema, we can 
improve beekeepers accuracy when choosing which colonies to treat.  The best model for this 
analysis is a variant of the Full Crop model that excludes year fixed effects.  Year fixed effects 
are removed from the model because when predicting the nosema levels for the next year, a 
beekeeper would not know what the next years fixed effects will be yet.   
                                                     
from Brushy Mountain Bee Farm for $144.95.  This package makes approximate 120 gallons of 
syrup.  Therefore, 9.5 gram package contains enough Fumagillin-B to treat 40 colonies at a cost 
of $3.62 per colony (sugar and labor costs are not included because feed is assumed to occur 
regardless of nosema presence). 
11  The APHIS survey does no distinguish between types of nosema.   
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After evaluating the results of the nosema dummy logit regressions using the various 
forage controls and weather, I find the regression with the highest log likelihood value uses 
controls for weather and uses NDVI as the forage availability estimate.  I call this model the 
Nosema Presence Model (discussed on page 20).  When I used percentage area of crop measures 
in the Nosema Presence Model, I find a higher log likelihood value than in a regression using 
natural logs of crop area.  Therefore, the percentage area specification is a better fit to the data.   
I create a hit or miss table to illustrate the predictive power of the model (Table A.16 on 
page 95).  I find that the Nosema Presence Model successfully predicts nosema 64% of the time.  
If a beekeeper randomly chose to treat half of his colonies.  The beekeeper could expect to be 
successful 50% of the time since 50% of the colonies are infected.  Therefore, if a beekeeper 
made an informed decision to treat using the Nosema Presence Model he would increase his 
success a treating the infected colonies.  
Imagine a hypothetical commercial beekeeper that maintains 501 colonies and uses the 
Nosema Presence Model to decide whether to treat his colonies.  The model predicts 58.6% of 
the colonies are not infected.  In these cases, the beekeeper chooses not to treat and as a result 
has no cost of treatment and no benefit of treatment when the model predicts nosema is not 
present in the colony.  The other 41.4% of the time the model predicts that the colony is infected 
with nosema.  In these cases, the farmer chooses to treat at a cost of $3.62 per colony.  Of the 
prediction of nosema presence, 65.4% are predicted correctly and would result in the expected 
benefit of $4.80 per colony.  The other 34.6% percent of the treated colonies would not have 
been infected with nosema and would not benefit from the treatment.  Below is the calculation of 
the expected benefit per colony when the beekeeper uses the Nosema Presence Model to make 
his treatment decision. 
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𝑁𝑒𝑡 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑛𝑜 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑝𝑒𝑟 𝑐𝑜𝑙𝑜𝑛𝑦 
= 0 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 + 0 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 = 0  
𝑁𝑒𝑡 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑝𝑒𝑟 𝑐𝑜𝑙𝑜𝑛𝑦
= 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 − 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
= $3.14 − $3.62 = −$0.48 
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑝𝑒𝑟 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑜𝑙𝑜𝑛𝑦
= 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑦 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑖𝑛𝑔 𝑢𝑛𝑖𝑛𝑓𝑒𝑐𝑡 𝑐𝑜𝑙𝑜𝑛𝑦
× 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑓𝑟𝑜𝑚 𝑡𝑟𝑒𝑎𝑡𝑖𝑛𝑔 𝑢𝑛𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑐𝑜𝑙𝑜𝑛𝑦
+ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑖𝑛𝑔 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑐𝑜𝑙𝑜𝑛𝑦
× 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑖𝑛𝑔 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑐𝑜𝑙𝑜𝑛𝑦 = (0.346 × $0) + (0.654 × $4.80)
= $3.14 
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 = $3.62 
𝑇𝑜𝑡𝑎𝑙  𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑝𝑒𝑟 𝑐𝑜𝑙𝑜𝑛𝑦
=  𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑛𝑜 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 ×  𝑛𝑒𝑡 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑛𝑜 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 
+  𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 ×  𝑛𝑒𝑡 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
= (0.586 × $0) + (0.414 × −$0.48) = −$0.20 𝑝𝑒𝑟 𝑐𝑜𝑙𝑜𝑛𝑦 
 Based on the above calculation, the beekeeper would expect to lose $0.20 per colony or a 
total of $100.20 for his whole operation.  This is a savings of $511.02 for the beekeeper 
compared to the situation in which he treats all of his colonies.  If the beekeeper would have 
selected 50% of his colonies at random to treat, he could expect to lose $305.61.  Therefore the 
beekeeper using the model to make his decisions could expect to save himself $205.41 over the 
situation where he treats 50% of the colonies at random.   
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 Notice that no matter which strategy the beekeeper employees to make his treatment 
decision to treat his bees he is losing money. The only way for the beekeeper to have a positive 
net benefit of treatment using the assumptions above would be if he had better knowledge of 
which colonies to treat.  But as I noted above, acquiring this knowledge involved costly lab tests.  
The negative expected net benefit results indicates that beekeepers may be risk averse to losing 
their bees, and may therefore be willing to spend more to protect their colonies than those 
colonies are worth to the average beekeeper12. Referring to the example above, imagine the 
commercial beekeeper treats all of his colonies, this suggest that the risk premium he places on 
avoiding nosema is at least $1.22 assuming that the treatment is 100% affective.  This suggest he 
is willing to insure his colonies at a price of at least $1.22 per colony.  A beekeeper who chooses 
to treat his colonies only 50% of the time is less risk averse.  He would be willing to insure his 
colonies against nosema at a rate of $0.61 per colony.  Therefore, the risk premiums beekeepers 
place on avoiding infection will play an important role in the treatment strategy they adopt.  
 The results of this analysis suggest that treating all colonies all the time is not a cost 
effective strategy for curbing nosema infections unless a beekeeper receives added utility from 
avoiding the risk of infection.  A beekeeper who takes into the account the crops surrounding his 
apiary, the time of year, his region, weather and vegetation cover can make a more informed 
decision regarding whether or not to treat his colonies for nosema.   
                                                     
12 The value a beekeeper places on a colony varies between beekeepers.  Factors that influence 
the value a beekeeper places on a colony include but are not limited to the size of the colony, 
health of the colony, location of the colony, the beekeeper’s production goals and the time of 
year. A BIP survey of 8 commercial beekeepers found that the price these beekeepers place on 
their colonies range from as low as $100 in September prior to overwintering and as high as 
$330 in January just before the pollination season. 
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5.3 Limitations and Possible Next Steps 
 Improvements to this analysis could be made by refining the estimates of benefits of 
Fumagillin.  An analysis that compares commercial beekeeper who treated with Fumagillin vs. 
those who did not use any treatment in all 3 survey years would yield a better estimate of the 
potential benefits of Fumagillin treatment for commercial beekeepers.  In addition, this analysis 
does not include potential productivity losses caused by nosema.  If nosema harms honey bee 
production, the above analysis underestimates the value of treatment. Although my benefit cost 
analysis of Fumagillin treatment for nosema parasite has its limitations, my hope is that it can lay 
the ground work for future modeling of honey bee disease treatment decisions.  This type of 
modeling has potential for improving economic efficiency for beekeepers. 
From a social welfare perspective, there are also a few potential benefits and cost that I 
do not include above.  There may be negative externalities from the overuse of fumagillin.  For 
example, when the use of the treatment leads to an increase in nosema resistance to the treatment 
there is an extra social cost of using fumagillin.  If this is the case, then the social cost of 
fumagillin treatment is underestimated above.  There are also potential positive externalities 
from fumagillin use.  Here I examine the private benefits to the beekeeper of avoiding 
overwintering loss.  However, if the beekeepers bees help to pollinate neighboring plants free of 
charge, then the avoided overwintering losses also provides a social net benefit.  Consideration 
of the social costs and benefits of treatment would be important for determining the overall 
social welfare effects of fumagillin use.  
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CHAPTER 6:  Discussion and Conclusion 
6.1 Neonicotinoids and Morbidity  
 First, I tested the hypothesis as to whether apiaries located near larger areas of 
neonicotinoid treated crops are less healthy. I found there is little evidence to support this 
hypothesis when timing of exposure is not considered.  However, at the time of most likely 
exposure during planting, there is evocative evidence in the case of nosema. 
The results of the Full Crop Models, which control for all 9 treated crops, weather and 
forage availability, suggest that location near treated crops does not increase infestations loads of 
nosema or varroa.  Of the 9 neonicotinoids treated field crops analyzed I found that canola was 
the only field crop associated with higher morbidity loads when exposure time was not 
considered.  I found that increasing the canola area surrounding an apiary by 10 percentage 
points is correlated with about a 34 % increase in nosema load (Full Crop Model 11).   
Krupke et al argue that bees are most likely to be exposed to neonicotinoids during 
planting, when the seed treatments are spread through the air by air-seeders.  When I analyzed 
the effects of location near canola during planting time, I found that a 10 percentage point 
increase in canola acreage is associated with a 694% increase in nosema load (Simple Crop 
Model with Vegetation Controls 11).  The results also indicated that locations near corn and soy 
during planting are correlated with higher nosema loads.  A 10 percentage point increase in soy 
or corn acreage is correlated with a 31% increase in nosema loads.  The results of nosema 
analysis during planting are consistent with Pettis et al.’s finding that exposure to the 
neonictinoid imidacloprid increases nosema loads.  The analysis of varroa provided little 
evidence to suggest that location near neonicotinoid treated crop during planting results in higher 
mite loads.   
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I found that neonicotinoids do not appear to have a harmful effect on bee health when the 
crop is in bloom.  The regressions analyzing nosema and varroa suggest that in most cases, 
apiaries located near treated crops during bloom do not have statistically significantly higher 
morbidity loads.   A few crop areas are statistically significantly correlated with higher morbidity 
loads during bloom; however, none of these results are robust across specification.  This finding 
is supported by the APHIS pollen pesticide analysis, which found very few pollen samples from 
the apiaries contained neonicotinoids.  The bloom timing results are also supported by Dr. 
Lorenzo’s findings that bees are unlikely to be exposed to harmful loads of neonicotinoids when 
foraging on corn, soy, or cotton during bloom (2014).  The neonicotinoid results suggest the 
planting time exposure to neonicotinoids is of primary concern regarding nosema loads.   
6.2 Forage Weather and Morbidity 
Next, I investigated the effects of regional weather variation and forage availability on 
morbidity load.  I find that, as predicted, cold weather is correlated with higher loads of varroa 
and nosema.  The results of the Full Crop Model 11 indicate that a 1º C increase in minimum 
temperature during the sample month is correlated with a 6.4% decrease in nosema load and a 
1.3% decrease in varroa load.  I did not find that precipitation levels had a strong influence on 
nosema or varroa.   
 I considered 5 different strategies to estimate forage availability.  I find specifications 
using NDVI do the best job of explaining the morbidity data.  I expected that an increase in 
NDVI would be correlated with lower morbidity loads.  The results of Full Crop Model 11 
indicate a 10 point increase in NDVI is correlated with an 8.8% increase in nosema load and a 
3.7% decrease in varroa load.  The positive correlation between nosema and NDVI was 
unexpected. 
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The other strategies for predicting forage availability were less affective at explaining the 
morbidity data. The coefficients on nearby natural area are not statistically significant in the Full 
Crop Models. Therefore, there is little evidence to suggest that colony location near natural area 
reduces morbidity loads.  The natural area results were surprising given the concern that 
reduction in natural area is a key factor in causing the decline in pollinator populations.  More 
research should be done to evaluate natural area types and their effects on morbidity. Adding 
controls for bloom time of forage crops did not improve the predictive ability of the model.  
6.3 Economic Analysis 
 Commercial beekeepers’ strategy of treating all of their colonies for nosema may seem 
cost ineffective based on my finding that a beekeeper could save 40% of their expected net cost 
by only treating their apiaries half of the time.  However, this finding suggests that beekeeper 
place a risk premium on protecting their bees.   
6.4 Applications of Findings to Migratory Apiaries 
 This analysis focuses solely on stationary bee colonies in order to properly control for 
crops surrounding the apiary prior to sampling.  However, some of these results are generalizable 
to the migratory operations.  Precipitation and weather can be expected to have similar effects on 
nosema and varroa loads regardless of the operation type.  In addition, the findings that location 
near corn, soy and canola during planting are correlated with higher nosema loads may also 
apply migratory apiaries.  If planting time neonicotinoid exposure is indeed detrimental to honey 
bee health, migratory apiaries located near one of these crops during planting may be harmed by 
neonicotinoid exposure even if the apiary is later moved.  It is difficult to test these findings for 
migratory beekeepers directly because it would require information on all of the apiary locations 
throughout the year and nosema and varroa loads in the apiary at each location.  The findings 
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from this study can help inform migratory beekeepers decisions until and more comprehension 
study can be conducted.   
6.5 Limitations 
 Data and time constraints resulted in some limitations.  In the neonicotinoid analysis, I 
proxied for neonicotinoid exposure by using location near treated crops.  A superior analysis 
would use true pesticide exposure.  I investigated several avenues for obtaining this data.  The 
USGS provides interpolated data on estimated pesticide use by county from 1992-2009, which 
does not overlap with the APHIS morbidity data on non-migratory colonies.  Also, the scale of 
these data is too coarse to estimate exposure at the apiary level.  Given the concern about 
pesticide exposure, more data on real world pesticide exposure particularly during planting are 
necessary to support honey bee research. 
One limitation in the weather analysis is that I may not control for weather far enough 
before the apiary sample time.  I control for the weather in the month of the sample; however, the 
cumulative effect of the weather many months preceding the sample may affect morbidity loads.  
Collecting weather data at this scale was not possible for the scope of this study.   
 In the forage availability analysis, one limitation is that the bloom time control for bee 
forage is a fixed window of expected bloom months, and is therefore constant over years.  
However, in reality blooming does not occur at the exact same time each year.  Using NDVI was 
a means of correcting for this issue by controlling for variation in forage from year to year.  Yet, 
NDVI has its own limitation in that there may still be dense vegetation post bloom.  Many forests 
for example bloom in the early spring but will provide the densest vegetation during late 
summer. 
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 One issue with the varroa analysis is that bee colonies with larger broods (bees in egg and 
larval stages of development) also tend to have more varroa mites.  Brood rearing is a sign of a 
healthy colony.  Therefore, higher mite loads are not always correlated with poor colony health. 
A limitation in the economic analysis is that nosema may not only cost beekeepers in 
terms of overwinter loss but their colonies may also experience a decrease productivity.  Future 
research is needed to determine economic cost of reduced colony productivity caused by nosema.   
6.6 Conclusion 
My results suggest that there is evidence to support the assertion that environmental 
factors should be considered when analyzing bee health.  While the regression results do not 
provide conclusive evidence about the effects of neonicotinoids on bee health, it does give cause 
for further research on the effects of pesticide exposure during planting.  I also found evidence to 
suggest that minimum temperature and NDVI during the month of apiary sampling are correlated 
with honey bee morbidity loads.
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Table A.1: Morbidity Summary Statistics 2010-2013 
2010-2013 n Mean  St. dev Min  Max Percent infected at 
detectable level 
Percent 
infected at 
threshold level 
Mites per 
100 bees 
938 5.52 6.08871 0 63.93 97% 58% 
Nosema 
per bee 
937     0.31      0.863244          0   13.95 49% 9% 
Break Down By Year 
2010 
Mites per 
100 bees 
73 5.45 5.878928 0 28.79 12% 50% 
Nosema 
per bee 
73 0.07 0.200482 0 1.3 42% 1% 
2011 
Mites per 
100 bees 
419 5.83394 6.52939 0 63.93035 96% 59% 
Nosema 
per bee 
417 .2930855 .9157962 0 13.95 55% 8% 
2012 
Mites per 
100 bees 
397 5.988937 6.003957 0 31.40394 95% 63% 
Nosema 
per bee 
398 .3623116 .8801544 0 9.8 44% 13% 
2013 
Mites per 
100 bees 
126 2.357498 3.178396 0 17.35298 88% 26% 
Nosema 
per bee 
126 .6253968 1.168944 0 5.75 57% 18% 
Table A.2: Operation Types 
Stationary 35% 
Migratory 22% 
Honey Production 38% 
Pollination 25% 
Queen Production 14% 
n= 1719  
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Table A.3: Honey Bee Disease Survey Results for Pesticides of Interest 
Pesticide # of 
samples 
tested 
# of 
positive 
results 
% of 
results 
positive 
average of 
results if more 
than a trace 
identified (ppb) 
Minimum 
(ppb) 
 maximum  
(ppb) 
Neonicotinoids             
Acetamiprid 503 2 0.40% 32.75 0                 56.10  
Clothianidin 503 10 1.99% 27.65 0                 62.80  
Dinotefuran 503 0 0.00% 0.00 0 0 
Imidacloprid 503 13 2.58% 23.35 0               216.00  
Thiamethoxam 503 11 2.19% 13.52 0                 39.60  
Figure A.10 
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Table A.4:  Top Ten Crops within 2 Miles of Sampled Apiaries    
    Mean   Std. Dev. Min Max   
1 Variable acres % of total acres acres acres % of total 
2 Deciduous Forest 1363 16.98% 1715 0 7438 92.61% 
3 Grassland Herbaceous 805 10.03% 1322 0 7463 92.92% 
4 Corn 611 7.61% 913 0 5288 65.85% 
5 Developed Open Space 561 6.98% 493 0 4028 50.15% 
6 Shrub Land 501 6.24% 1207 0 8031 100.00% 
7 Evergreen Forest 489 6.09% 1025 0 7487 93.23% 
8 Soybeans 478 5.95% 832 0 4522 56.31% 
9 Woody Wetlands 456 5.68% 875 0 7018 87.38% 
10 Pasture Hay 417 5.19% 902 0 6252 77.85% 
  n=1847 approximately 8,042 acres within 2 mile buffer 
 
 
Table A.5 
Planting Dates of Neonicotinoid Treated Crops  
Year Corn  Soybeans  Cotton  
Winter 
Wheat 
 
  Start End Start End Start End Start End 
2013 14-Apr 9-Jun 5-May 30-Jun 7-Apr 16-Jun 9-Sep 11-Nov 
2012 1-Apr 20-May 22-Apr 10-Jun 1-Apr 10-Jun 11-Sep 13-Nov 
2011 10-Apr 12-Jun 8-May 26-Jun 3-Apr 12-Jun 19-Sep 7-Nov 
2010 11-Apr 30-May 2-May 27-Jun 4-Apr 13-Jun 6-Sep 29-Nov 
2009 12-Apr 7-Jun 26-Apr 28-Jun 5-Apr 14-Jun 14-Sep 16-Nov 
         
Year Spring Wheat Barley Sorghum Rice 
  Start End Start End Start End Start End 
2013 14-Apr 23-Jun 14-Apr 30-Jun 31-Mar 30-Jun 31-Mar 2-Jun 
2012 1-Apr 20-May 1-Apr 
20-
May 
1-Apr 24-Jun 1-Apr 27-May 
2011 17-Apr 26-Jun 17-Apr 6-Jul 3-Apr 3-Jul 3-Apr 5-Jun 
2010 18-Apr 30-May 18-Apr 
30-
May 
4-Apr 4-Jul 4-Apr 23-May 
2009 12-Apr 7-Jun 12-Apr 7-Jun 5-Apr 5-Jul 5-Apr 7-Jun 
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Table A.6 
Bloom timing of Neonicotinoid Treated Crops  
 Corn  Soybeans  Cotton  
  Start End Start End Start End 
 Apr-Jul Aug-Sep Jun-Jul Aug, Oct Jun-Jul Sep-Oct 
       
 Canola Sorghum  
  Start End Start End   
 May, Jul May, Aug May-Jul Aug, Oct   
Data unavailable for Wheat, Barley, and Rice because these grasses are not bee forage crops. 
(Nickeson 2010) 
Figure A.11 
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Figure A.12 
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Table A.7               
  Mean   Std. Dev. Min   Max   
Variable acres % of total acres acres % of total acres % of total 
USDA Region 1 
Corn 1165 14.49% 1165.1 1099 13.66% 5041 62.68% 
Soybeans 856 10.64% 855.8 969 12.05% 3855 47.93% 
Alfalfa 145 1.80% 144.6 231 2.87% 1507 18.74% 
n= 397 
USDA  Region 2 
Corn 200 2.48% 200 350 4.35% 2191 27.25% 
Cotton 151 1.88% 151 402 5.00% 2422 30.12% 
Soybeans 118 1.46% 118 242 3.01% 1846 22.96% 
Double Crop 
Winter Wheat and 
Soybean 61 0.76% 61 161 2.00% 1693 21.05% 
Peanuts 57 0.70% 57 213 2.65% 1535 19.08% 
n= 276 
USDA Region 3 
Soybeans 337 4.19% 337 847 10.54% 4374 54.39% 
Cotton 156 1.94% 156 631 7.85% 5288 65.76% 
Winter Wheat 130 1.62% 130 450 5.60% 3657 45.48% 
Corn 129 1.60% 129 354 4.40% 2693 33.49% 
Oranges 111 1.38% 111 609 7.57% 5387 66.98% 
Rice 94 1.17% 94 376 4.68% 2866 35.64% 
Sorghum 73 0.91% 73 213 2.65% 1410 17.53% 
n= 171 
USDA Region 4 
Soybeans 681 8.47% 681 975 12.13% 4250 52.85% 
Corn 656 8.15% 656 878 10.92% 3805 47.32% 
Spring Wheat 547 6.80% 547 744 9.25% 2496 31.03% 
Alfalfa 373 4.64% 373 595 7.40% 2619 32.57% 
Barley 93 1.16% 93 219 2.73% 1250 15.54% 
Canola 88 1.10% 88 221 2.74% 1662 20.66% 
Dry Beans 76 0.95% 76 248 3.08% 1337 16.62% 
n= 105 
USDA Region 5 
Alfalfa 92 1.14% 92 184 2.29% 368 4.57% 
Oats 1 0.01% 1 1 0.02% 2 0.03% 
Corn 0 0.00% 0 0 0.00% 0 0.00% 
n= 4 
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Table A.7 
continued               
  Mean   Std. Dev. Min   Max   
Variable acres % of total acres acres % of total acres % of total 
USDA Region 6 
Almonds 1073 13.34% 1073 1545 19.21% 5560 69.14% 
Rice 313 3.89% 313 1286 15.99% 6276 78.05% 
Alfalfa 222 2.76% 222 419 5.21% 1635 20.33% 
Walnuts 139 1.73% 139 363 4.52% 1543 19.19% 
Grapes 132 1.64% 132 394 4.90% 1713 21.30% 
Pistachios 84 1.04% 84 313 3.89% 1723 21.42% 
Winter Wheat 81 1.01% 81 143 1.77% 589 7.32% 
Olives 69 0.85% 69 231 2.87% 1225 15.24% 
n= 43 
States represented in APHIS data set from each region 
USDA Region 1 IA, IL, MA, MI, NE, NH, NJ, NY, OH, PA, WI 
USDA  Region 2 AL, DE, GA, MD, NC, SC, TN, VA, WV          
USDA  Region 3 AR, FL, LA, NM, OK, TX 
USDA  Region 4  CO, MN, MT, ND, SD, UT  
USDA  Region 5 ID, WA 
USDA  Region 6 CA 
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Table A.8:  Nosema and Percent Treated Crop Lowees Smoothing Correlations 
 All During Planting During Bloom 
Corn Uncorrelated Positive Negative 
Soy Uncorrelated Slight Positive Uncorrelated 
Cotton Positive Nonlinear Positive Negative 
Canola Positive Unclear Positive 
Sorghum Negative Unclear Negative 
Rice Uncorrelated Unclear N/A 
Barley Positive Unclear N/A 
Spring Wheat Positive Unclear N/A 
Winter Wheat Negative Negative N/A 
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Table A.9  
Full Crop Model 11 Results using Percent Area 
 ln(nosema) ln(mites +1) 
lnmorbidity         
          
Percent corn area 0.0044   -0.0039   
  (0.0075)   (0.0038)   
Percent soy area -0.0090   0.0022   
  (0.0078)   (0.0040)   
Percent cotton area 0.0210   -0.0172 *** 
  (0.0321)   (0.0061)   
Percent canola area 0.0338   0.0295   
  (0.0478)   (0.0312)   
Percent sorghum area -0.0546   -0.0372   
  (0.0346)   (0.0256)   
Percent rice area 0.0147   0.0127   
  (0.0224)   (0.0095)   
Per barley area -0.0054   -0.0768 *** 
  (0.0548)   (0.0256)   
Percent spring wheat area 0.0302   -0.0179   
  (0.0200)   (0.0114)   
Per winter wheat area -0.0066   -0.0020   
  (0.0170)   (0.0097)   
NDVI 0.0089 * -0.0037 * 
  (0.0046)   (0.0020)   
Minimum temperature -0.0642 *** -0.0125 * 
  (0.0165)   (0.0072)   
Precipitation -0.0004   0.0001   
  (0.0009)   (0.0004)   
Collection month √   √   
Collection month squared √   √   
Year fixed effects √   √   
Region fixed effects √   √   
n  436   888   
R-squared 0.3045   0.2351   
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Table A.10 
Simple Crop Models 
  Log Models  Percentage Models  
  OLS  Tobit  OLS  Tobit  
  Coef.  Coef.  Coef.  Coef.  
Corn          
 all -0.0506 ** -0.0071  -0.0050  0.0004  
  (0.0228)  (0.0082)  (0.0069)  (0.0025)  
 during planting 0.0285 * -0.0052  0.0305 ** 0.0010  
  (0.0172)  (0.0063)  (0.0128)  (0.0065)  
 during bloom -0.0120  -0.0084 ** -0.0051  -0.0039  
  (0.0113)  (0.0040)  (0.0086)  (0.0031)  
Soy          
 all -0.0309  -0.0054  -0.0077  -0.0026  
  (0.0198)  (0.0072)  (0.0063)  (0.0030)  
 during planting 0.0175  0.0039  0.0226 * 0.0035  
  (0.0167)  (0.0061)  (0.0121)  (0.0047)  
 during bloom -0.0054  0.0015  -0.0059  -0.0004  
  (0.0106)  (0.0041)  (0.0076)  (0.0033)  
Cotton          
 all -0.0368  -0.0066  0.0336  0.0051  
  (0.0353)  (0.0103)  (0.0358)  (0.0070)  
 during planting 0.0804 *** 0.0117  -1.7146  -0.6636  
  (0.0296)  (0.0095)  (1.5782)  (0.5575)  
 during bloom -0.0110  -0.0139 ** -0.1057 *** -0.0246 * 
  (0.0198)  (0.0066)  (0.0389)  (0.0128)  
Canola          
 all 0.1309 *** 0.0477 *** 0.0691  0.0523  
  (0.0390)  (0.0177)  (0.0492)  (0.0437)  
 during planting 0.0795 *** 0.0139  0.8546 *** -0.0707  
  (0.0293)  (0.0103)  (0.2083)  (0.2857)  
 during bloom -0.0083  -0.0074  0.0394  0.0010  
  (0.0188)  (0.0075)  (0.0557)  (0.0468)  
Sorghum          
 all -0.1022 ** -0.0303 * -0.0107  0.0211  
  (0.0419)  (0.0156)  (0.0198)  (0.0270)  
 during planting 0.0717 ** 0.0189 * -0.3992 * -0.2245  
  (0.0286)  (0.0099)  (0.2288)  (0.1870)  
 during bloom 0.0107  0.0104  -0.1296 *** -0.0344  
  (0.0197)  (0.0070)  (0.0330)  (0.0348)  
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Table A.10 Continued 
  
Log 
Models    Percentage Models 
  OLS  Tobit  OLS  Tobit  
  Coef.  Coef.  Coef.  Coef.  
Rice          
 all -0.1167 *** -0.0125  -0.0042  -0.0031  
  (0.0433)  (0.0165)  (0.0049)  (0.0061)  
 during planting 0.0864 *** 0.0205 ** 0.0007  0.0186  
  (0.0288)  (0.0096)  (0.0245)  (0.0144)  
Barley          
 all 0.0336  0.0062  0.0869  0.0127  
  (0.0380)  (0.0151)  (0.0545)  (0.0197)  
 during planting 0.0315  -0.0140  -0.7275  -1.6931  
  (0.0393)  (0.0115)  (4.0859)  (1.4542)  
Spring Wheat         
 all 0.0947 ** 0.0407 *** 0.0385 *** 0.0137 ** 
  (0.0379)  (0.0152)  (0.0143)  (0.0058)  
 during planting 0.0519  0.0036  0.8109  1.4054  
  (0.0353)  (0.0110)  (2.5321)  (0.9886)  
Winter Wheat         
 all -0.0371 * 0.0005  -0.0076  -0.0034  
  (0.0221)  (0.0081)  (0.0201)  (0.0068)  
 during planting 0.0105  -0.0036  -0.0103  0.0418  
  (0.0154)  (0.0058)  (0.0277)  (0.0276)  
n   458  937  458  937  
*** p< 0.01, **p<0.05, * p<0.10      Robust standard errors 
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Simple Crop Model A.11   
Nosema Parasite           
 Corn   Soy   Cotton   Canola   Sorghum   
ln(nosema)                     
                      
Percent crop area -0.0033   -0.0076   0.0213   0.0845 *** -0.0629 * 
  (0.0053)   (0.0053)   (0.0312)   (0.0313)   (0.0335)   
Percent crop area 
during planting 0.0307 ** 0.0309 ** -1.5583   0.6940 *** -0.4149 ** 
  (0.0122)   (0.0123)   (1.6463)   (0.2359)   (0.1981)   
R-squared 0.2931   0.2984   0.2763   0.2959   0.2913   
                      
  Rice   Barley    Spring Wheat Winter Wheat 
ln(nosema)                     
                      
Percent crop area 0.0000   0.0597   0.0333 ** -0.0099       
  (0.0181)   (0.0514)   (0.0143)   (0.0195)       
Percent crop area 
during planting 0.0025   -1.4754   1.0474   -0.0236       
  (0.0336)   (3.6346)   (2.3267)   (0.0290)       
R-squared 0.2883   0.2908   0.2975   0.2892       
n=436                     
*** p< 0.01, **p<0.05, * p<0.10      Robust standard errors       
Model 11 controls for NDVI, minimum temperature, precipitation, collection month,    
region and year fixed effects                   
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Figure A.20 
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Table A.12:  Canola Robustness Check With Month Fixed Effects 
Percent Models with Forage Controls 
    
    
  1   2   3   4   5   6   
PerCanola 0.1068 *** 0.1082 *** 0.1065 *** 0.1006 *** 0.0967 *** 0.1028 *** 
  (0.0292)   (0.0293)   (0.0292)   (0.0292)   (0.0291)   (0.0292)   
PerCanolap 0.6914 ** 0.7243 ** 0.6925 ** 0.8394 *** 0.8559 *** 0.6934 ** 
  (0.2810)   (0.2833)   (0.2816)   (0.2960)   (0.2988)   (0.2890)   
Percent Models with Forage and Weather 
Controls         
  7   8   9   10   11   12   
PerCanola 0.0979 *** 0.0995 *** 0.0977 *** 0.0920 *** 0.0862 *** 0.0934 *** 
  (0.0301)   (0.0301)   (0.0302)   (0.0301)   (0.0303)   (0.0304)   
PerCanolap 0.5697 * 0.6028 ** 0.5722 * 0.6786 ** 0.6790 ** 0.5648 * 
  (0.2962)   (0.2978)   (0.2969)   (0.3024)   (0.3020)   (0.3004)   
 
 Natural Log Models with Forage Controls     
  1   2   3   4   5   6   
lnCanola900 0.1270 *** 0.1273 *** 0.1266 *** 0.1191 *** 0.1158 *** 0.1227 *** 
  (0.0396)   (0.0398)   (0.0395)   (0.0392)   (0.0390)   (0.0395)   
lnCanola900p 0.0497   0.0471   0.0494   0.0500   0.0539   0.0495   
  (0.0418)   (0.0421)   (0.0418)   (0.0427)   (0.0428)   (0.0424)   
Natural Log Models with Forage and Weather Controls        
  7   8   9   10   11   12   
lnCanola900 0.1185 *** 0.1193 *** 0.1183 *** 0.1113 *** 0.1061 *** 0.1135 *** 
  (0.0395)   (0.0397)   (0.0395)   (0.0390)   (0.0387)   (0.0396)   
lnCanola900p 0.0562   0.0554   0.0560   0.0578   0.0605   0.0555   
  (0.0433)   (0.0433)   (0.0433)   (0.0437)   (0.0437)   (0.0437)   
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Table A.13:  Varroa and Percent Treated Crop Lowess Smoothing Correlations 
 All During Planting During Bloom 
Corn Positive Negative Positive 
Soy Uncorrelated Unclear Uncorrelated 
Cotton Positive Unclear Positive 
Canola Unclear Unclear Unclear 
Sorghum Uncorrelated Uncorrelated Uncorrelated 
Rice Positive Unclear N/A 
Barley Negative Negative N/A 
Spring Wheat Negative Negative N/A 
Winter Wheat Uncorrelated Unclear N/A 
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Table A.14:  Varroa Mite Simple Crop Models 
    log   percentage   
    Coef.   Coef.   
Corn           
  All -0.0324 *** 0.0011   
    (0.0101)   (0.0033)   
  during planting -0.0108   -0.0114   
    (0.0073)   (0.0081)   
  during bloom -0.0105 ** -0.0043   
    (0.0054)   (0.0041)   
Soy        
  All -0.0080   0.0052   
    (0.0091)   (0.0036)   
  during planting -0.0119 * -0.0092   
    (0.0069)   (0.0064)   
  during bloom -0.0098 * -0.0061   
    (0.0052)   (0.0040)   
Cotton           
  All -0.0451   -0.0285 *** 
    (0.0124)   (0.0086)   
  during planting 0.0012   0.0314 * 
    (0.0111)   (0.0168)   
  during bloom -0.0064   0.0207 ** 
    (0.0082)   (0.0102)   
Canola           
  all -0.0313   -0.0737   
    (0.0281)   (0.0711)   
  during planting 0.0070   0.2947   
    (0.0125)   (0.3219)   
  during bloom -0.0365 *** 0.0399   
    (0.0101)   (0.0810)   
Sorghum           
  all 0.0000   -0.0666 ** 
    (0.0189)   (0.0312)   
  during planting -0.0009   0.3548 * 
    (0.0117)   (0.2157)   
  during bloom -0.0285 *** 0.0571 * 
    0.0088    (0.0338)   
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Table A.14 Continued:  Varroa Mite Simple Crop Models 
    log   percentage   
    Coef.   Coef.   
Rice           
  all 0.0166   0.0057   
    (0.0153)   (0.0050)   
  during planting 0.0102   0.0057   
    (0.0117)   (0.0069)   
Barley           
  all -0.0139   -0.0924 *** 
    (0.0205)   (0.0182)   
  during planting -0.0072   -0.1429   
    (0.0129)   (1.2758)   
Spring 
Wheat           
  all -0.0896 *** -0.0267 *** 
    (0.0232)   (0.0087)   
  during planting -0.0143   -1.9597 *** 
    (0.0123)   (0.3501)   
Winter 
Wheat           
  all -0.0273 *** 0.0023   
    (0.0104)   (0.0089)   
  during planting 0.0266 *** -0.1007 *** 
    (0.0081)   (0.0228)   
n= 938           
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Table A.15 Simple Crop Model 11  
Varroa Mites           
  Corn   Soy   Cotton   Canola   Sorghum   
ln(mites+1)                     
                      
Percent crop area -0.002   0.0006   -0.0175 *** -0.0357   -0.0390   
  (0.0026)   (0.0024)   (0.0062)   (0.0431)   (0.0243)   
Percent crop area 
during planting -0.0151 * -0.0096   0.009   0.1811   0.2579   
  (0.0085)   (0.0069)   (0.0170)   (0.3063)   (0.2156)   
R-squared 0.2139   0.2124   0.2181   0.2119   0.2135   
                      
  Rice   Barley    Spring Wheat Winter Wheat 
ln(mites+1)                     
                      
Percent crop area 0.0234 ** -0.0927 *** -0.0233 *** -0.0029       
  (0.0092)   (0.0183)   (0.0089)   (0.0094)       
Percent crop area 
during planting -0.0143   -0.7243   -2.0929 *** -0.0939 ***     
  (0.0116)   (1.1331)   (0.3965)   (0.0231)       
R-squared 0.2123   0.2206   0.2187   0.216       
n=888                     
*** p< 0.01, **p<0.05, * p<0.10      Robust standard errors       
Model 11 controls for NDVI, minimum temperature, precipitation, collection month,    
region and year fixed effects                   
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Table A.16   
Model Predicted Nosema Presence vs.  
Actual Nosema Presence 
 Actual   
Predicted 0 1 Total 
0 324 196 520 
1 127 240 367 
Total 451 436 887 
Success rate 64% 
Figure A.32 
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Appendix B: Data 
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Table B.1   
Collection Month Freq. Percent 
1 10 1 
2 21 2.11 
3 40 4.02 
4 56 5.62 
5 67 6.73 
6 98 9.84 
7 132 13.25 
8 167 16.77 
9 188 18.88 
10 176 17.67 
11 35 3.51 
12 6 0.6 
Total 996 100 
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Table B.2:  Honey Bee Disease Survey Pesticide Analysis Results of Undetected Pesticides 
Pesticide # of samples tested Pesticide # of samples tested 
2,4 Dimethylaniline 202 Fenoxaprop-ethyl 474 
3-Hydroxycarbofuran 503 Fenthion 403 
4,4 dibromobenzophenone 471 Fipronil 347 
Aldicarb 503 Fluoxastrobin 503 
Aldrin 485 Flutolanil 176 
Allethrin 503 Heptachlor 375 
Amicarbazone 503 Heptachlor epoxide 503 
Amitraz 200 Hexachlorobenzene (HCB) 503 
Azinphos methyl 481 Hexythiazox 503 
Bendiocarb 503 Hydroprene 426 
BHC alpha 503 Hydroxychlorothalonil 503 
Bifenazate 211 Imazalil 503 
Bromuconazole 198 Imidacloprid 5-hydroxy 503 
Buprofezin 124 Imidacloprid olefin 503 
Carbofuran 503 Indoxacarb 503 
Carboxin 131 Iprodione 177 
Carfentrazone ethyl 503 Lindane 503 
Chlorfenopyr 450 Linuron 503 
Chlorpropham (CIPC) 501 Malathion 477 
Chlorpyrifos methyl 503 Methidathion 503 
Clofentezine 503 MGK-264 131 
Cyphenothrin 395 Norflurazon 503 
DDD p,p' 186 Oxamyl 503 
DDE p,p’ 131 Phenothrin 278 
DDT p,p' 162 Phorate 502 
Deltamethrin 503 Phosalone 204 
Difenoconazole 466 Piperonyl butoxide 191 
Dimethenamid 463 Pirimiphos methyl 449 
Dimethoate 
280 
Potasan (not analyzed for 2012-
2013) 464 
Dimethomorph 503 Profenofos 216 
Dinotefuran 503 Pronamide 503 
Diphenamid 503 Propanil 291 
Endrin 326 Propargite 163 
Epoxiconazole 124 Propetamphos 229 
Ethion 241 Propiconazole 125 
Etoxazole 503 Pymetrozine 503 
Etridiazole 501 Pyrethrins 503 
Famoxadone 409 Quinoxyfen 178 
Fenamidone 167 Quintozene (PCNB) 482 
Fenhexamid 173 Resmethrin total 156 
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Table B.2 continued    
Pesticide # of samples tested   
Sethoxydim 503   
Simazine 503   
Spinosad 503   
Spirodiclofen 426   
Spiromesifen 188   
Tefluthrin 503   
Tetrachlorvinphos 241   
Tetraconazole 124   
Tetradifon 483   
Tetramethrin 503   
Triadimefon 325   
Triadimenol 503   
Tribufos (DEF) 312   
Triflumizole 131   
Yellow indicates neonicotinoid pesticide. 
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Table B.3:  Honey Bee Disease Survey Pesticide Analysis Results of Identified Pesticides 
Pesticide # of 
samples 
tested 
# of 
positive 
results 
% of 
results 
positive 
average of 
results if more 
than a trace 
identified (ppb) 
Minimum 
(ppb) 
 Maximum  
(ppb) 
1-Naphthol 502 2 0.40% 35.65 0                 52.10  
2,4 Dimethylphenyl formamide 
(DMPF) 502 97 19.32% 199.52 0          12,700.00  
Acephate 503 4 0.80% 216.27 0               410.00  
Acetamiprid 503 2 0.40% 32.75 0                 56.10  
Acetochlor 502 1 0.20% 52.70 0                 52.70  
Alachlor 481 2 0.42% 51.95 0                 93.10  
Aldicarb sulfone 503 1 0.20% 14.00 0                 14.00  
Aldicarb sulfoxide 503 1 0.20% 35.90 0                 35.90  
Atrazine 503 34 6.76% 75.12 0               996.00  
Azoxystrobin 503 46 9.15% 68.74 0          1,870.00  
Benoxacor 501 1 0.20% NA 0  Trace  
Bifenthrin 503 31 6.16% 19.36 0               130.00  
Boscalid 503 17 3.38% 267.15 0            2,280.00  
Captan 416 7 1.68% 250.58 0               380.00  
Carbaryl 503 5 0.99% 192.50 0               442.00  
Carbendazim (MBC) 503 22 4.37% 58.70 0               275.00  
Chlorfenvinphos 239 5 2.09% 53.04 0                 75.10  
Chlorferone 503 1 0.20% 192.00 0               192.00  
Chlorothalonil 294 9 3.06% 958.39 0            4,900.00  
Chlorpyrifos 503 100 19.88% 20.58 0               303.00  
Clothianidin 503 10 1.99% 27.65 0                 62.80  
Coumaphos 503 186 36.98% 71.78 0            6,260.00  
Coumaphos oxon 503 21 4.17% 28.08 0               180.00  
Cyfluthrin 503 3 0.60% 37.80 0                 58.80  
Cyhalothrin total 484 41 8.47% 9.49 0                 54.20  
Cypermethrin 503 5 0.99% 30.78 0               100.00  
Cyprodinil 503 17 3.38% 200.79 0            2,800.00  
Diazinon 503 3 0.60% 15.20 0                 21.10  
Dichlorvos (DDVP) 502 1 0.20% 205.00 0               205.00  
Dicloran 387 1 0.26% 25.00 0                 25.00  
Dicofol 383 3 0.78% 13.37 0                 21.00  
Dieldrin 448 1 0.22%                     12.40  0                 12.40  
Diflubenzuron 503 1 0.20% 84.30 0                 84.30  
Endosulfan I 503 11 2.19% 36.94 0               124.00  
Endosulfan II 482 10 2.07% 22.61 0                 54.90  
Endosulfan sulfate 503 11 2.19% 11.45 0                 50.40  
Esfenvalerate 503 13 2.58% 15.32 0                 77.40  
Ethofumesate 503 1 0.20% 14.20 0                 14.20  
Fenbuconazole 503 10 1.99% 409.64 0            3,470.00  
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Table B.3 Continued       
Fenpropathrin 503 6 1.19% 43.23 0                 93.60  
Fenpyroximate 503 30 5.96% 32.71 0               266.00  
Flonicamid 503 2 0.40% 42.20 0                 73.10  
Fludioxonil 503 2 0.40% 51.90 0                 73.30  
Fluridone 481 10 2.08% 1279.00 0            4,220.00  
Fluvalinate 503 251 49.90% 67.47 0            1,930.00  
Imidacloprid 503 13 2.58% 23.35 0               216.00  
Metalaxyl 503 5 0.99% 15.90 0                 37.90  
Methamidophos 503 6 1.19% 15.07 0                 36.50  
Methomyl 503 1 0.20% 23.60 0                 23.60  
Methoxyfenozide 503 9 1.79% 31.43 0                 84.60  
Metolachlor 223 5 2.24% 921.36 0            2,250.00  
Metribuzin 451 1 0.22% 3.50 0                    3.50  
MGK-326 232 2 0.86% 142.85 0               190.00  
Myclobutanil 503 4 0.80% 113.30 0               279.00  
Oxyfluorfen 484 11 2.27% 6.99 0                 13.70  
Paradichlorobenzene 436 32 7.34% 420.30 0            1,820.00  
Parathion methyl 503 1 0.20% 6.60 0                    6.60  
Pendimethalin 503 44 8.75% 30.08 0                 92.80  
Permethrin total 503 3 0.60% 206.33 0               421.00  
Phosmet 503 7 1.39% 149.86 0               785.00  
Prallethrin 503 11 2.19% 193.32 0               800.00  
Propachlor 496 1 0.20% NA 0  Trace  
Propazine 503 1 0.20% 34.30 0                 34.30  
Propham 470 1 0.21% NA 0  Trace  
Pyraclostrobin 503 17 3.38% 53.32 0               307.00  
Pyridaben 503 3 0.60% 1.47 0                    1.80  
Pyrimethanil 503 4 0.80% 13.30 0                 18.40  
Pyriproxyfen 503 2 0.40% 10.50 0                 12.40  
Tebuconazole 503 13 2.58% 54.11 0               276.00  
Tebufenozide 503 1 0.20% 22.70 0                 22.70  
Tebuthiuron 503 4 0.80% 4.83 0                 12.10  
Thiabendazole 503 5 0.99% 2.24 0                    4.70  
Thiacloprid 503 3 0.60% 151.17 0               326.00  
Thiamethoxam 503 11 2.19% 13.52 0                 39.60  
THPI 336 10 2.98% 1896.67 0            7,060.00  
Thymol 502 101 20.12% 1977.07 0          39,700.00  
Trifloxystrobin 430 5 1.16% 198.60 0               638.00  
Trifluralin 503 20 3.98% 103.92 0               510.00  
Triticonazole 166 4 2.41% 94.00 0               159.00  
Vinclozolin 503 3 0.60% 3.30 0                    3.30  
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Table B.4: Crops within 2 Miles of Sampled Apiaries 
  Mean   Std. Dev. Min Max   
Variable acres % of total acres acres acres % of total 
Deciduous Forest 1363 16.98% 1715 0 7438 92.61% 
Grassland Herbaceous 805 10.03% 1322 0 7463 92.92% 
Corn 611 7.61% 913 0 5288 65.85% 
Developed Open Space 561 6.98% 493 0 4028 50.15% 
Shrubland 501 6.24% 1207 0 8031 100.00% 
Evergreen Forest 489 6.09% 1025 0 7487 93.23% 
Soybeans 478 5.95% 832 0 4522 56.31% 
Woody Wetlands 456 5.68% 875 0 7018 87.38% 
PastureHay 417 5.19% 902 0 6252 77.85% 
Developed Low Intensity 337 4.20% 541 0 4670 58.15% 
 Other Hay non-alfalfa 249 3.10% 466 0 5016 62.46% 
Alfalfa 200 2.49% 472 0 4843 60.31% 
Pasture Grasslands 181 2.25% 504 0 5708 71.08% 
Almonds 136 1.70% 639 0 5807 72.31% 
Developed Medium Intensity 131 1.64% 331 0 3534 44.00% 
Fallow Idle Cropland 122 1.52% 279 0 3237 40.31% 
Open Water 114 1.42% 277 0 3904 48.61% 
Herbaceous Wetlands 99 1.23% 325 0 4053 50.46% 
Winter Wheat 92 1.14% 281 0 5881 73.23% 
Mixed Forest 88 1.09% 347 0 4522 56.31% 
Cotton 79 0.98% 339 0 5288 65.85% 
Spring Wheat 49 0.61% 243 0 2496 31.08% 
Developed High Intensity 43 0.53% 166 0 2842 35.38% 
Rice 41 0.51% 369 0 6276 78.15% 
Oranges 35 0.43% 332 0 6227 77.54% 
Double Crop Winter Wheat and Soy 32 0.40% 141 0 2370 29.51% 
Barren 25 0.31% 106 0 2669 33.23% 
Peanuts 22 0.27% 128 0 1535 19.11% 
Grapes 21 0.27% 173 0 2619 32.62% 
Walnuts 21 0.26% 164 0 2392 29.78% 
Barley 17 0.21% 117 0 3188 39.69% 
Oats 16 0.20% 75 0 1162 14.47% 
Dry Beans 16 0.20% 102 0 1337 16.65% 
Apples 14 0.18% 171 0 3731 46.46% 
Sorghum 12 0.15% 80 0 1410 17.56% 
Pistachios 11 0.14% 148 0 3904 48.61% 
Pecans 10 0.12% 130 0 3262 40.61% 
Sugarbeets 8 0.10% 67 0 1128 14.05% 
Sunflower 8 0.10% 56 0 955 11.89% 
Canola 7 0.08% 70 0 1662 20.69% 
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Table B.4 Continued       
Cranberries 6 0.07% 107 0 2245 27.95% 
Durum Wheat 5 0.07% 104 0 2792 34.77% 
Sugarcane 5 0.06% 77 0 1970 24.53% 
Tomatoes 5 0.06% 73 0 2471 30.77% 
Olives 5 0.06% 53 0 1225 15.26% 
Potatoes 4 0.05% 41 0 728 9.07% 
Double Crop Winter Wheat and Corn 4 0.05% 35 0 664 8.27% 
Sod and Grass Seed 4 0.05% 27 0 605 7.54% 
Double Crop Oats and Corn 4 0.05% 45 0 907 11.29% 
Clover and Wildflowers 4 0.05% 55 0 1465 18.25% 
Cherries 4 0.04% 69 0 2817 35.08% 
Plums 3 0.04% 31 0 878 10.94% 
Blueberries 3 0.03% 64 0 2088 26.00% 
Forest 3 0.03% 28 0 545 6.78% 
Peas 2 0.03% 20 0 389 4.84% 
Apricots 2 0.02% 38 0 1029 12.82% 
Double Crop Barley and Soy 2 0.02% 19 0 589 7.34% 
Sweet Corn 2 0.02% 13 0 338 4.21% 
Safflower 2 0.02% 30 0 1226 15.26% 
Double Crop Winter Wheat and Corn 2 0.02% 23 0 765 9.53% 
Triticale 2 0.02% 18 0 442 5.51% 
Herbs 2 0.02% 24 0 640 7.97% 
Watermelons 2 0.02% 14 0 184 2.29% 
Rye 1 0.02% 7 0 114 1.42% 
Strawberries 1 0.02% 31 0 1171 14.58% 
Prunes 1 0.02% 19 0 606 7.55% 
Onions 1 0.01% 15 0 413 5.14% 
Millet 1 0.01% 14 0 374 4.65% 
OtherCrops 1 0.01% 7 0 158 1.97% 
Peaches 1 0.01% 14 0 479 5.96% 
Citrus 1 0.01% 9 0 235 2.92% 
Flaxseed 1 0.01% 12 0 246 3.06% 
Double Crop Barley and Corn 1 0.01% 9 0 274 3.41% 
Other Tree Crops 1 0.01% 8 0 193 2.41% 
Squash 1 0.01% 7 0 145 1.80% 
Nectarines 1 0.01% 13 0 332 4.13% 
Popcorn 1 0.01% 10 0 349 4.35% 
Pears 1 0.01% 10 0 235 2.93% 
Cabbage 0 0.01% 7 0 154 1.91% 
Switchgrass 0 0.01% 16 0 664 8.26% 
Sweet Potatoes 0 0.01% 12 0 448 5.58% 
Cantaloupes 0 0.01% 10 0 358 4.46% 
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Christmas Trees 0 0.01% 6 0 197 2.45% 
Cucumbers 0 0.01% 9 0 362 4.51% 
Pomegranates 0 0.00% 4 0 101 1.26% 
Double Crop Soy and Oats 0 0.00% 3 0 79 0.98% 
Carrots 0 0.00% 3 0 72 0.90% 
Double Crop Winter Wheat and Sorghum 0 0.00% 3 0 67 0.83% 
Lentils 0 0.00% 5 0 115 1.43% 
Peppers 0 0.00% 3 0 96 1.19% 
Double Crop Corn and Soy 0 0.00% 5 0 149 1.85% 
Buckwheat 0 0.00% 5 0 176 2.20% 
Pumpkins 0 0.00% 1 0 32 0.39% 
Asparagus 0 0.00% 2 0 61 0.76% 
Tobacco 0 0.00% 2 0 81 1.01% 
Misc. Fruits and Vegetables 0 0.00% 2 0 68 0.85% 
Caneberries 0 0.00% 3 0 92 1.15% 
Lettuce 0 0.00% 2 0 46 0.58% 
Hops 0 0.00% 2 0 61 0.76% 
Wetland 0 0.00% 1 0 49 0.61% 
Garlic 0 0.00% 3 0 143 1.78% 
Speltz 0 0.00% 1 0 37 0.47% 
Turnips 0 0.00% 2 0 87 1.09% 
Mustard 0 0.00% 2 0 99 1.24% 
Greens 0 0.00% 1 0 21 0.26% 
Vetch 0 0.00% 1 0 41 0.50% 
Double Crop Barley and Sorghum 0 0.00% 1 0 39 0.49% 
Radishes 0 0.00% 1 0 25 0.32% 
Honey Dew Melons 0 0.00% 1 0 36 0.45% 
Double Crop Soy and Cotton 0 0.00% 0 0 13 0.16% 
Camelina 0 0.00% 0 0 10 0.13% 
Broccoli 0 0.00% 0 0 7 0.09% 
Double Crop Lettuce and Cotton 0 0.00% 1 0 21 0.27% 
Celery 0 0.00% 0 0 8 0.10% 
Double Crop Lettuce and Winter Wheat 0 0.00% 0 0 2 0.02% 
Eggplants 0 0.00% 0 0 1 0.02% 
RapeSeed 0 0.00% 0 0 1 0.01% 
Cauliflower 0 0.00% 0 0 0 0.01% 
Gourds 0 0.00% 0 0 0 0.00% 
Mint 0 0.00% 0 0 0 0.00% 
n=1847 approximately 8,042 acreas within 2 mile buffer 
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Table B.5 
USDA Region 1: Top 20 Crops within 2 Mile Apiary Buffer 
  Mean   Std. Dev. Min   Max   
Variable acres % of total acres acres % of total acres % of total 
Deciduous Forest 1993 24.78% 1992.9 1460 18.15% 6252 77.74% 
Corn 1165 14.49% 1165.1 1099 13.66% 5041 62.68% 
Soybeans 856 10.64% 855.8 969 12.05% 3855 47.93% 
Developed Open Space 638 7.94% 638.3 540 6.72% 3385 42.10% 
Grassland Herbaceous 481 5.99% 481.4 859 10.68% 4300 53.46% 
Developed Low Intensity 436 5.42% 435.5 587 7.30% 3039 37.79% 
Pasture Hay 395 4.91% 395.2 778 9.67% 4670 58.07% 
Other Hay Non-Alfalfa 325 4.04% 325.2 548 6.82% 4497 55.92% 
Woody Wetlands 286 3.56% 286.5 526 6.54% 4596 57.15% 
Developed Medium 
Intensity 187 2.32% 186.7 431 5.35% 3534 43.94% 
Evergreen Forest 182 2.26% 181.8 472 5.87% 4151 51.62% 
Mixed Forest 168 2.09% 168.4 597 7.42% 4522 56.23% 
Alfalfa 145 1.80% 144.6 231 2.87% 1507 18.74% 
Shrubland 124 1.55% 124.5 249 3.10% 1517 18.86% 
Open Water 121 1.51% 121.5 275 3.42% 3904 48.55% 
Winter Wheat 86 1.07% 86.1 176 2.19% 1318 16.38% 
Developed High Intensity 71 0.88% 70.6 242 3.01% 2842 35.34% 
Herbaceous Wetlands 66 0.82% 65.6 245 3.04% 2442 30.36% 
Pasture Grassland 54 0.67% 54.0 158 1.96% 1258 15.64% 
Fallow  48 0.60% 48.2 102 1.27% 682 8.48% 
n= 397        
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Table B.6 
USDA Region 2: Top 20 Crops within 2 Mile Apiary Buffer 
  Mean   
Std. 
Dev. Min   Max   
Variable acres 
% of 
total acres acres 
% of 
total acres 
% of 
total 
Deciduous Forest 2619 32.57% 2619 1976 24.57% 7438 92.49% 
Evergreen Forest 860 10.70% 860 1137 14.14% 4917 61.15% 
Developed Open Space 626 7.79% 626 500 6.22% 2990 37.18% 
Pasture Grassland 535 6.65% 535 835 10.39% 4720 58.69% 
Grassland Herbaceous 503 6.25% 503 859 10.68% 4695 58.38% 
Woody Wetlands 392 4.88% 392 788 9.79% 6474 80.50% 
Pasture Hay 353 4.39% 353 953 11.85% 5807 72.21% 
Developed Low Intensity 336 4.18% 336 536 6.66% 3608 44.86% 
Other Hay Non-Alfalfa 268 3.33% 268 358 4.46% 2440 30.34% 
Shrubland 249 3.09% 249 353 4.39% 1557 19.36% 
Corn 200 2.48% 200 350 4.35% 2191 27.25% 
Cotton 151 1.88% 151 402 5.00% 2422 30.12% 
Soybeans 118 1.46% 118 242 3.01% 1846 22.96% 
Developed Medium Intensity 113 1.41% 113 256 3.19% 1900 23.63% 
Mixed Forest 98 1.22% 98 199 2.48% 2015 25.05% 
Open Water 84 1.04% 84 224 2.79% 1994 24.79% 
Fallow 65 0.81% 65 135 1.67% 684 8.51% 
Double Crop Winter Wheat and Soybean 61 0.76% 61 161 2.00% 1693 21.05% 
Peanuts 57 0.70% 57 213 2.65% 1535 19.08% 
Developed High Intensity 36 0.45% 36 99 1.23% 905 11.25% 
n=276        
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Table B.7 
USDA Region 3: Top 20 
Crops within 2 Mile 
Apiary Buffer 
  Mean 
 Std. 
Dev. 
Min 
  
Max 
  
Variable acres 
% of 
total acres acres 
% of 
total acres 
% of 
total 
Pasture Hay 983 12.22% 983 1414 17.59% 6252 77.74% 
Woody Wetlands 932 11.59% 932 1178 14.65% 5856 72.82% 
Grassland Herbaceous 853 10.60% 853 1484 18.45% 5832 72.52% 
Evergreen Forest 821 10.21% 821 1455 18.09% 6301 78.35% 
Shrubland2 683 8.49% 683 1383 17.20% 8006 99.55% 
Deciduous Forest 659 8.19% 659 1336 16.62% 6425 79.89% 
Developed Open Space 536 6.67% 536 502 6.25% 3114 38.72% 
Developed Low Intensity 392 4.88% 392 663 8.24% 4670 58.07% 
Soybeans 337 4.19% 337 847 10.54% 4374 54.39% 
Open Water 185 2.30% 185 425 5.29% 2192 27.25% 
Fallow 176 2.18% 176 343 4.27% 2595 32.26% 
Cotton 156 1.94% 156 631 7.85% 5288 65.76% 
Developed Medium 
Intensity 141 1.76% 141 390 4.85% 3410 42.40% 
Winter Wheat 130 1.62% 130 450 5.60% 3657 45.48% 
Corn 129 1.60% 129 354 4.40% 2693 33.49% 
Oranges 111 1.38% 111 609 7.57% 5387 66.98% 
Rice 94 1.17% 94 376 4.68% 2866 35.64% 
Sorghum 73 0.91% 73 213 2.65% 1410 17.53% 
Mixed Forest 71 0.88% 71 187 2.32% 1139 14.16% 
Herbaceous Grasslands 61 0.76% 61 326 4.06% 4053 50.39% 
n= 171        
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Table B.8 
USDA Region 4: Top 20 Crops within 2 Mile Apiary Buffer  
  Mean   Std. Dev. Min   Max   
Variable acres % of total acres acres 
% of 
total acres 
% of 
total 
Grassland 
Herbaceous 1549 19.27% 1549 1686 20.97% 6647 82.66% 
Soybeans 681 8.47% 681 975 12.13% 4250 52.85% 
Shrubland 660 8.21% 660 1452 18.05% 7092 88.19% 
Corn 656 8.15% 656 878 10.92% 3805 47.32% 
Spring Wheat 547 6.80% 547 744 9.25% 2496 31.03% 
Herbaceous 
Wetlands 493 6.13% 493 648 8.06% 3015 37.49% 
Deciduous Forest 444 5.52% 444 850 10.57% 3657 45.48% 
Developed Open 
Spaces 418 5.19% 418 257 3.19% 1602 19.92% 
Alfalfa 373 4.64% 373 595 7.40% 2619 32.57% 
Developed Low 
Intensity 356 4.43% 356 670 8.33% 3262 40.56% 
Other Hay Non-
Alfalfa 309 3.84% 309 490 6.09% 2619 32.57% 
Open Water 183 2.28% 183 307 3.82% 1548 19.24% 
Pasture Hay 173 2.15% 173 526 6.53% 3089 38.41% 
Developed 
Medium Intensity 159 1.97% 159 391 4.87% 2301 28.61% 
Woody Wetlands 115 1.44% 115 237 2.94% 1437 17.87% 
Evergreen Forest 115 1.43% 115 421 5.23% 4003 49.78% 
Barley 93 1.16% 93 219 2.73% 1250 15.54% 
Canola 88 1.10% 88 221 2.74% 1662 20.66% 
Dry Beans 76 0.95% 76 248 3.08% 1337 16.62% 
        
n=105        
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Table B.9 
USDA Region 5: Top 20 Crops within 2 Mile Apiary Buffer 
  Mean   
Std. 
Dev. Min   Max   
Variable acres 
% of 
total acres acres 
% of 
total acres 
% of 
total 
Shrubland 2817 35.03% 2817 2267 28.19% 5609 69.75% 
Evergreen Forest 2104 26.17% 2104 1387 17.25% 3410 42.40% 
Mixed Forest 570 7.09% 570 900 11.19% 1892 23.52% 
Pasture Hay 489 6.08% 489 977 12.15% 1955 24.31% 
Deciduous Forest 281 3.49% 281 362 4.50% 760 9.45% 
Pasture Grasslands 261 3.25% 261 523 6.50% 1045 13.00% 
Developed Open Space 144 1.80% 144 167 2.07% 382 4.75% 
Barren 107 1.33% 107 158 1.97% 335 4.17% 
Woody Wetlands 105 1.30% 105 84 1.04% 204 2.54% 
Alfalfa 92 1.14% 92 184 2.29% 368 4.57% 
Grassland Herbaceous 60 0.75% 60 74 0.91% 149 1.86% 
Developed Low Intensity 51 0.63% 51 47 0.58% 94 1.17% 
Other Hay Non-Alfalfa 17 0.22% 17 33 0.40% 66 0.82% 
Developed Medium Intensity 16 0.20% 16 25 0.31% 53 0.66% 
Herbaceous Grasslands 14 0.17% 14 19 0.23% 41 0.52% 
Open Water 5 0.07% 5 7 0.09% 14 0.18% 
Oats 1 0.01% 1 1 0.02% 2 0.03% 
Fallow 0 0.00% 0 0 0.01% 1 0.01% 
Developed High Intensity 0 0.00% 0 0 0.01% 1 0.01% 
Corn 0 0.00% 0 0 0.00% 0 0.00% 
n=4        
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Table B.10 
USDA Region 6: Top 20 Crops within 2 Mile Apiary Buffer 
  Mean   
Std. 
Dev. Min   Max   
Variable acres 
% of 
total acres acres 
% of 
total acres 
% of 
total 
Shrubland 2028 25.21% 2028 2520 31.34% 6301 78.35% 
Grassland Herbaceous 1749 21.75% 1749 1632 20.29% 7166 89.11% 
Almonds 1073 13.34% 1073 1545 19.21% 5560 69.14% 
Developed Open Spaces 630 7.84% 630 473 5.88% 2297 28.56% 
Rice 313 3.89% 313 1286 15.99% 6276 78.05% 
Fallow 269 3.34% 269 449 5.58% 1977 24.59% 
Alfalfa 222 2.76% 222 419 5.21% 1635 20.33% 
Developed Low Intensity 211 2.62% 211 377 4.68% 2045 25.43% 
Pasture Grasslands 163 2.03% 163 451 5.61% 2275 28.29% 
Walnuts 139 1.73% 139 363 4.52% 1543 19.19% 
Grapes 132 1.64% 132 394 4.90% 1713 21.30% 
Developed Medium Intensity 122 1.52% 122 307 3.82% 1591 19.79% 
Barren 121 1.51% 121 417 5.18% 2669 33.18% 
Mixed Forest 115 1.44% 115 543 6.75% 3583 44.55% 
Other Hay Non-Alfalfa 112 1.39% 112 397 4.94% 2520 31.34% 
Pistachios 84 1.04% 84 313 3.89% 1723 21.42% 
Winter Wheat 81 1.01% 81 143 1.77% 589 7.32% 
Olives 69 0.85% 69 231 2.87% 1225 15.24% 
Evergreen Forest 40 0.50% 40 85 1.06% 477 5.93% 
Woody Wetlands 33 0.42% 33 46 0.57% 164 2.04% 
n=43        
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Table B.11  
Cropscape Data Categories     
   Category 46 Hops 92 Cantaloupes 
1 Corn 47 Herbs 93 Prunes 
2 Cotton 48 Clover/Wildflowers 94 Olives 
3 Rice 49 Sod/Grass Seed 95 Oranges 
4 Sorghum 50 Switchgrass 96 Honeydew Melons 
5 Soybeans 51 Fallow/Idle Cropland 97 Broccoli 
6 Sunflower 52 Pasture/Grass 98 Peppers 
7 Peanuts 53 Forest 99 Pomegranates 
8 Tobacco 54 Shrubland 100 Nectarines 
9 Sweet Corn 55 Barren 101 Greens 
10 Pop or Orn Corn 56 Cherries 102 Plums 
11 Mint 57 Peaches 103 Strawberries 
12 Barley 58 Apples 104 Squash 
13 Durum Wheat 59 Grapes 105 Apricots 
14 Spring Wheat 60 Christmas Trees 106 Vetch 
15 Winter Wheat 61 Other Tree Crops 107 Dbl Crop WinWht/Corn 
16 Other Small Grains 62 Citrus 108 Dbl Crop Oats/Corn 
17 Dbl Crop WinWht/Soybeans 63 Pecans 109 Lettuce 
18 Rye 64 Almonds 110 Pumpkins 
19 Oats 65 Walnuts 111 Dbl Crop Lettuce/Durum Wht 
20 Millet 66 Pears 112 Dbl Crop Lettuce/Cantaloupe 
21 Speltz 67 Clouds/No Data 113 Dbl Crop Lettuce/Cotton 
22 Canola 68 Developed 114 Dbl Crop Lettuce/Barley 
23 Flaxseed 69 Water 115 Dbl Crop Durum Wht/Sorghum 
24 Safflower 70 Wetlands 116 Dbl Crop Barley/Sorghum 
25 Rape Seed 71 Nonag/Undefined 117 Dbl Crop WinWht/Sorghum 
26 Mustard 72 Aquaculture 118 Dbl Crop Barley/Corn 
27 Alfalfa 73 Open Water 119 Dbl Crop WinWht/Cotton 
28 Other Hay/Non Alfalfa 74 Perennial Ice/Snow  120 Dbl Crop Soybeans/Cotton 
29 Camelina 75 Developed/Open Space 121 Dbl Crop Soybeans/Oats 
30 Buckwheat 76 Developed/Low Intensity 122 Dbl Crop Corn/Soybeans 
31 Sugarbeets 77 Developed/Med Intensity 123 Blueberries 
32 Dry Beans 78 Developed/High Intensity 124 Cabbage 
33 Potatoes 79 Barren 125 Cauliflower 
34 Other Crops 80 Deciduous Forest 126 Celery 
35 Sugarcane 81 Evergreen Forest 127 Radishes 
36 Sweet Potatoes 82 Mixed Forest 128 Turnips 
37 Misc Vegs & Fruits 83 Grassland Herbaceous 129 Eggplants 
38 Watermelons 84 Pasture/Hay 130 Gourds 
39 Onions 85 Woody Wetlands 131 Cranberries 
40 Cucumbers 86 Herbaceous Wetlands 132 Dbl Crop Barley/Soybeans 
41 Chick Peas 87 Pistachios     
42 Lentils 88 Triticale     
43 Peas 89 Carrots     
44 Tomatoes 90 Asparagus     
45 Caneberries 91 Garlic     
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Appendix C: Nosema Results  
Table C.1:  Nosema OLS Full Crop Models with Percentage and Forage Controls 
lnnosema 1   2   3   4   5   6   
                          
PerCornall 0.0020   0.0039   0.0023   0.0039   0.0015   0.0018   
  (0.0070)   (0.0071)   (0.0070)   (0.0072)   (0.0072)   (0.0071)   
PerSoyall -0.0097   -0.0068   -0.0093   -0.0061   -0.0083   -0.0094   
  (0.0063)   (0.0066)   (0.0063)   (0.0067)   (0.0066)   (0.0064)   
PerCotton 0.0006   0.0071   -0.0016   0.0151   0.0081   0.0078   
  (0.0320)   (0.0322)   (0.0323)   (0.0324)   (0.0329)   (0.0325)   
PerCanola 0.0402   0.0440   0.0414   0.0448   0.0428   0.0408   
  (0.0436)   (0.0440)   (0.0437)   (0.0442)   (0.0442)   (0.0440)   
PerSorghum -0.0742 ** -0.0757 ** -0.0693 ** -0.0692   -0.0708   -0.0557   
  (0.0312)   (0.0314)   (0.0293)   (0.0446)   (0.0433)   (0.0484)   
PerRice 0.0012   0.0033   0.0014   0.0036   0.0032   0.0015   
  (0.0061)   (0.0061)   (0.0067)   (0.0062)   (0.0064)   (0.0063)   
PerBarleyall 0.0110   0.0206   0.0124   0.0221   0.0128   0.0107   
  (0.0567)   (0.0577)   (0.0570)   (0.0577)   (0.0561)   (0.0565)   
PerSpringwheat 0.0309   0.0305   0.0299   0.0295   0.0264   0.0294   
  (0.0194)   (0.0194)   (0.0195)   (0.0194)   (0.0198)   (0.0195)   
PerWinterwheatall -0.0006   0.0030   -0.0024   0.0037   0.0035   0.0002   
  (0.0149)   (0.0145)   (0.0150)   (0.0149)   (0.0149)   (0.0157)   
Natural area     0.0041                   
      (0.0030)                   
Natural area in bloom         -0.0044               
          (0.0045)               
Natural area *NDVI             0.0000           
              (0.0000)           
NDVI                 0.0050       
                  (0.0042)       
NDVI during bloom                     0.0015   
                      (0.0024)   
Minimum Temp                         
Precipitation                         
collectionMonth                   
collectionMonthSQ                   
Year fixed effects                   
Region fixed effects                   
n  458   458   458   452   452   452   
R-squared 0.2725   0.2758   0.2751   0.2763   0.2742   0.2728   
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Table C.2: Nosema OLS Full Crop Models with Percentage, Forage and Weather Controls 
lnnosema 7   8   9   10   11   12   
                          
PerCornall 0.0050   0.0061   0.0056   0.0061   0.0044   0.0047   
  (0.0073)   (0.0074)   (0.0073)   (0.0075)   (0.0075)   (0.0074)   
PerSoyall -0.0114   -0.0096   -0.0112   -0.0086   -0.0090   -0.0113   
  (0.0073)   (0.0076)   (0.0074)   (0.0077)   (0.0078)   (0.0074)   
PerCotton 0.0125   0.0161   0.0097   0.0242   0.0210   0.0192   
  (0.0311)   (0.0314)   (0.0314)   (0.0317)   (0.0321)   (0.0316)   
PerCanola 0.0307   0.0333   0.0320   0.0341   0.0338   0.0310   
  (0.0468)   (0.0470)   (0.0470)   (0.0472)   (0.0478)   (0.0470)   
PerSorghum -0.0558 ** -0.0570 ** -0.0483 * -0.0500   -0.0546   -0.0405   
  (0.0271)   (0.0272)   (0.0248)   (0.0371)   (0.0346)   (0.0409)   
PerRice 0.0126   0.0138   0.0153   0.0138   0.0147   0.0131   
  (0.0234)   (0.0228)   (0.0274)   (0.0230)   (0.0224)   (0.0237)   
PerBarleyall -0.0060   0.0002   -0.0047   0.0026   -0.0054   -0.0061   
  (0.0559)   (0.0566)   (0.0562)   (0.0567)   (0.0548)   (0.0558)   
PerSpringwheat 0.0373 * 0.0370 * 0.0361 * 0.0363 * 0.0302   0.0362   
  (0.0198)   (0.0198)   (0.0198)   (0.0198)   (0.0200)   (0.0199)   
PerWinterwheatall -0.0116   -0.0091   -0.0145   -0.0087   -0.0066   -0.0116   
  (0.0174)   (0.0173)   (0.0175)   (0.0180)   (0.0170)   (0.0185)   
Natural area     0.0025                   
      (0.0029)                   
Natural area in bloom         -0.0062               
          (0.0044)               
Natural area *NDVI             0.0000           
              0.0000            
NDVI                 0.0089 *     
                  (0.0046)       
NDVI during bloom                     0.0010   
                      (0.0024)   
Minimum Temp -0.0549 *** -0.0527 *** -0.0573 *** -0.0538 *** -0.0642 *** -0.0559 *** 
  (0.0156)   (0.0159)   (0.0154)   (0.0159)   (0.0165)   (0.0157)   
Precipitation 0.0000   0.0000   0.0001   -0.0001   -0.0004   0.0000   
  (0.0008)   (0.0008)   (0.0008)   (0.0008)   (0.0009)   (0.0009)   
collectionMonth                   
collectionMonthSQ                   
Year fixed effects                   
Region fixed effects                   
n  442   442   442   436   436   436   
R-squared 0.2972   0.2984   0.3029   0.2999   0.3045   0.2979   
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Table C.3: Nosema OLS Full Crops Models with Natural Log and Forage Controls 
lnnosema 1   2   3   4   5   6   
                          
lnCornall900 -0.0325   -0.0351   -0.0308   -0.0411   -0.0398   -0.0337   
  (0.0373)   (0.0371)   (0.0377)   (0.0378)   (0.0380)   (0.0378)   
lnSoyall900 -0.0057   -0.0018   -0.0062   0.0007   -0.0020   -0.0044   
  (0.0289)   (0.0290)   (0.0291)   (0.0292)   (0.0291)   (0.0293)   
lnCottonall900 -0.0271   -0.0237   -0.0279   -0.0159   -0.0181   -0.0215   
  (0.0368)   (0.0366)   (0.0368)   (0.0377)   (0.0379)   (0.0377)   
lnCanola900 0.0916   0.0902   0.0922   0.0855   0.0862   0.0910   
  (0.0565)   (0.0567)   (0.0568)   (0.0563)   (0.0564)   (0.0566)   
lnSorghum900 -0.0247   -0.0301   -0.0227   -0.0233   -0.0197   -0.0153   
  (0.0478)   (0.0479)   (0.0487)   (0.0487)   (0.0487)   (0.0502)   
lnRice900 -0.0462   -0.0378   -0.0454   -0.0347   -0.0398   -0.0417   
  (0.0473)   (0.0477)   (0.0473)   (0.0478)   (0.0476)   (0.0477)   
lnBarleyall900 -0.0135   -0.0135   -0.0148   -0.0115   -0.0114   -0.0149   
  (0.0506)   (0.0507)   (0.0508)   (0.0506)   (0.0507)   (0.0507)   
lnSpringwheat900 0.0570   0.0587   0.0567   0.0514   0.0495   0.0535   
  (0.0466)   (0.0469)   (0.0470)   (0.0467)   (0.0467)   (0.0468)   
lnWinterwheatall900 -0.0220   -0.0220   -0.0223   -0.0169   -0.0163   -0.0205   
  (0.0262)   (0.0263)   (0.0263)   (0.0268)   (0.0270)   (0.0267)   
Natural area     0.0814                   
      (0.0265)                   
Natural area in bloom         0.0109               
          (0.0081)               
Natural area *NDVI             0.0003           
              (0.0001)           
NDVI                 0.0048       
                  (0.0014)       
NDVI during bloom                     0.0013   
                      (0.0006)   
Minimum Temp                         
                          
Precipitation                         
                          
collectionMonth                   
collectionMonthSQ                   
Year fixed effects                   
Region fixed effects                   
n  458   458   458   452   452   452   
R-Squared 0.2829   0.2848   0.2833   0.2854   0.2842   0.2827   
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Table C.4: Nosema OLS Full Crops Models with Natural Log, Forage and Weather Controls 
lnnosema 7   8   9   10   11   12  
                          
lnCornall900 -0.0308   -0.0332   -0.0311   -0.0417   -0.0418   -0.0318   
  (0.0373)   (0.0373)   (0.0377)   (0.0375)   (0.0376)   (0.0378)   
lnSoyall900 -0.0010   0.0028   -0.0010   0.0101   0.0073   0.0005   
  (0.0294)   (0.0295)   (0.0295)   (0.0297)   (0.0296)   (0.0297)   
lnCottonall900 0.0010   0.0033   0.0013   0.0142   0.0132   0.0059   
  (0.0368)   (0.0367)   (0.0370)   (0.0379)   (0.0382)   (0.0379)   
lnCanola900 0.0861   0.0852   0.0859   0.0782   0.0769   0.0851   
  (0.0555)   (0.0557)   (0.0556)   (0.0552)   (0.0550)   (0.0557)   
lnSorghum900 -0.0163   -0.0202   -0.0167   -0.0134   -0.0081   -0.0064   
  (0.0469)   (0.0470)   (0.0478)   (0.0472)   (0.0471)   (0.0493)   
lnRice900 -0.0332   -0.0266   -0.0334   -0.0201   -0.0277   -0.0275   
  (0.0541)   (0.0539)   (0.0541)   (0.0531)   (0.0534)   (0.0546)   
lnBarleyall900 -0.0103   -0.0104   -0.0100   -0.0075   -0.0066   -0.0103   
  (0.0508)   (0.0509)   (0.0510)   (0.0506)   (0.0506)   (0.0510)   
lnSpringwheat900 0.0620   0.0633   0.0621   0.0539   0.0482   0.0592   
  (0.0444)   (0.0447)   (0.0444)   (0.0442)   (0.0437)   (0.0445)   
lnWinterwheatall900 -0.0294   -0.0297   -0.0293   -0.0258   -0.0233   -0.0291   
  (0.0257)   (0.0258)   (0.0257)   (0.0261)   (0.0262)   (0.0262)   
Natural area     0.0675                   
      (0.0258)                   
Natural area in 
bloom         -0.0023               
          (0.0080)               
Natural area *NDVI             0.0004 **         
              (0.0001)           
NDVI                 0.0090 **     
                  (0.0014)       
NDVI during bloom                     0.0011   
                      (0.0006)   
Minimum Temp -0.0514 
*
*
* -0.0506 
*
*
* -0.0516 
**
* -0.0576 
**
* -0.0614 
**
* -0.0522 
**
* 
  (0.0052)   (0.0052)   (0.0053)   (0.0053)   (0.0054)   (0.0053)   
Precipitation 0.0000   -0.0001   0.0000   -0.0004   -0.0004   0.0000   
  (0.0003)   (0.0003)   (0.0003)   (0.0003)   (0.0003)   (0.0003)   
collectionMonth                   
collectionMonthSQ                   
Year fixed effects                   
Region fixed effects                   
n  442   442   442   436   436   436   
R-Squared 0.3013   0.3025   0.3013   0.308   0.3087   0.3018   
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Table C.5: Nosema Tobit Full Crop Models with Forage Controls 
lnnosema 1   2   3   4   5   6   
                          
lnCornall900 -0.00958   -0.0104   -0.0090   -0.0118   -0.0119   -0.0079   
  (0.0127)   (0.0127)   (0.0127)   (0.0129)   (0.0128)   (0.0128)   
lnSoyall900 -0.00115   0.0003   -0.0011   0.0019   0.0005   -0.0012   
  (0.0093)   (0.0094)   (0.0093)   (0.0094)   (0.0094)   (0.0094)   
lnCottonall900 -0.00892   -0.0072   -0.0089   -0.0057   -0.0075   -0.0093   
  (0.0109)   (0.0110)   (0.0109)   (0.0111)   (0.0111)   (0.0111)   
lnCanola900 0.048841 ** 0.0483 ** 0.0491 ** 0.0442 * 0.0437 * 0.0475 ** 
  (0.0230)   (0.0230)   (0.0230)   (0.0230)   (0.0230)   (0.0230)   
lnSorghum900 -0.01064   -0.0128   -0.0101   -0.0160   -0.0135   -0.0115   
  (0.0162)   (0.0163)   (0.0162)   (0.0165)   (0.0164)   (0.0165)   
lnRice900 0.003221   0.0062   0.0040   0.0029   -0.0004   -0.0001   
  (0.0176)   (0.0178)   (0.0176)   (0.0179)   (0.0178)   (0.0179)   
lnBarleyall900 -0.02223   -0.0222   -0.0226   -0.0194   -0.0190   -0.0211   
  (0.0178)   (0.0178)   (0.0178)   (0.0179)   (0.0179)   (0.0180)   
lnSpringwheat900 0.022833   0.0232   0.0227   0.0171   0.0145   0.0193   
  (0.0196)   (0.0196)   (0.0196)   (0.0197)   (0.0197)   (0.0197)   
lnWinterwheatall900 0.004895   0.0049   0.0048   0.0088   0.0102   0.0069   
  (0.0093)   (0.0093)   (0.0093)   (0.0095)   (0.0095)   (0.0094)   
Natural area     0.0313                   
      (0.0265)                   
Natural area in bloom         0.0071               
          (0.0081)               
Natural area *NDVI             0.0002 ***         
              (0.0001)           
NDVI                 0.0042 ***     
                  (0.0014)       
NDVI during bloom                     0.0012 * 
                      (0.0006)   
Minimum Temp                         
                          
Precipitation                         
                          
collectionMonth                   
collectionMonthSQ                   
Year fixed effects                   
Region fixed effects                   
n  937   937   937   921   921   921   
Psuedo R-Squared 0.102   0.103   0.1026   0.1076   0.1083   0.1044   
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Table C.6:  Nosema Tobit Full Crop Models with  Forage and Weather Controls  
lnnosema 7   8   9   10   11   12   
                          
lnCornall900 -0.0079   -0.0092   -0.0077   -0.01126   -0.0113   -0.0070   
  (0.0124)   (0.0124)   (0.0124)   (0.0125)   (0.0125)   (0.0125)   
lnSoyall900 -0.0024   -0.0004   -0.0023   0.002315   0.0023   -0.0018   
  (0.0092)   (0.0093)   (0.0092)   (0.0094)   (0.0093)   (0.0093)   
lnCottonall900 -0.0024   -0.0005   -0.0025   0.001542   0.0015   -0.0028   
  (0.0106)   (0.0107)   (0.0106)   (0.0109)   (0.0108)   (0.0108)   
lnCanola900 0.0485 ** 0.0480 ** 0.0486 ** 0.04393 ** 0.0439 ** 0.0474 ** 
  (0.0218)   (0.0218)   (0.0218)   (0.0219)   (0.0219)   (0.0219)   
lnSorghum900 -0.0111   -0.0134   -0.0107   -0.01482   -0.0148   -0.0118   
  (0.0156)   (0.0157)   (0.0156)   (0.0158)   (0.0158)   (0.0159)   
lnRice900 0.0078   0.0110   0.0080   0.005434   0.0054   0.0030   
  (0.0181)   (0.0183)   (0.0181)   (0.0184)   (0.0184)   (0.0185)   
lnBarleyall900 -0.0231   -0.0230   -0.0232   -0.02057   -0.0206   -0.0219   
  (0.0170)   (0.0170)   (0.0170)   (0.0171)   (0.0171)   (0.0172)   
lnSpringwheat900 0.0243   0.0247   0.0242   0.018438   0.0184   0.0210   
  (0.0186)   (0.0185)   (0.0186)   (0.0186)   (0.0187)   (0.0187)   
lnWinterwheatall900 0.0039   0.0038   0.0039   0.006772   0.0068   0.0054   
  (0.0089)   (0.0089)   (0.0089)   (0.0091)   (0.0091)   (0.0091)   
Natural area     0.0366                   
      (0.0258)                   
Natural area in bloom         0.0050               
          (0.0080)               
Natural area *NDVI             0.000182 ***         
              (0.0001)           
NDVI                 0.0002 ***     
                  (0.0014)       
NDVI during bloom                     0.0010   
                      (0.0006)   
Minimum Temp -0.0066   -0.0061   -0.0060   -0.00842   -0.0084   -0.0058   
  (0.0052)   (0.0052)   (0.0053)   (0.0053)   (0.0054)   (0.0053)   
Precipitation 0.0002   0.0002   0.0002   2.49E-06   0.0000   0.0001   
  (0.0003)   (0.0003)   (0.0003)   (0.0003)   (0.0003)   (0.0003)   
collectionMonth                   
collectionMonthSQ                   
Year fixed effects                   
Region fixed effects                   
n  903   903   903   887   887   887   
Psuedo R-Squared 0.1135   0.1151   0.1138   0.1195   0.1198   0.1152   
 
 
 
 118 
Table C.7: Nosema and Corn  
with Percentage Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
PerCorn -0.0073  -0.0054  -0.0068  -0.0044  -0.0064  -0.0071  
 (0.0054)  (0.0057)  (0.0055)  (0.0056)  (0.0054)  (0.0055)  
PerCorn planting 0.0323 *** 0.0312 ** 0.0311 ** 0.0368 *** 0.0397 *** 0.0327 *** 
 (0.0124)  (0.0126)  (0.0126)  (0.0125)  (0.0126)  (0.0125)  
n  458  458  458  452  452  452  
R-squared 0.2566  0.258  0.2573  0.2659  0.2662  0.2619  
with Percentage Treated Crop Area, Forage and Weather 
 7  8  9  10  11  12  
PerCorn -0.0050  -0.0035  -0.0049  -0.0012  -0.0033  -0.0049  
 (0.0053)  (0.0056)  (0.0054)  (0.0056)  (0.0053)  (0.0054)  
PerCorn planting 0.0211 * 0.0206  0.0210  0.0266 ** 0.0307 ** 0.0218 * 
 (0.0127)  (0.0128)  (0.0128)  (0.0124)  (0.0122)  (0.0128)  
n  442  442  442  436  436  436  
R-squared 0.2765  0.2774  0.2765  0.2895  0.2931  0.2808  
with Natural Log Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
             
lnCorn -0.0562 ** -0.0546 ** -0.0552 ** -0.0521 ** -0.0544 ** -0.0506 ** 
 (0.0221)  (0.0219)  (0.0225)  (0.0222)  (0.0223)  (0.0225)  
lnCorn planting 0.0312 * 0.0298 * 0.0302 * 0.0361 ** 0.0406 ** 0.0301 * 
 (0.0173)  (0.0174)  (0.0175)  (0.0175)  (0.0179)  (0.0173)  
n  458  458  458  452  452  452  
R-squared 0.265  0.2669  0.2652  0.2745  0.2752  0.2679  
with Natural Log Treated Crop Area, Forage and Weather 
lnnosema 7  8  9  10  11  12  
             
lnCorn -0.0432 * -0.0420 * -0.0431 * -0.0381 * -0.0403 * -0.0383 * 
 (0.0221)  (0.0219)  (0.0179)  (0.0222)  (0.0223)  (0.0224)  
lnCorn planting 0.0042  0.0035  0.0041  0.0099  0.0149  0.0034  
 (0.0179)  (0.0179)  (0.0180)  (0.0179)  (0.0181)  (0.0180)  
n  442  442  442  436  436  436  
R-squared 0.2795  0.2807  0.2795  0.2911  0.2945  0.2822  
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Table C.8: Nosema and Soy  
with Percentage Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
Per Soy -0.0116 ** -0.001 * -0.0112 ** -0.0076   -0.0095 * -0.0106 ** 
 (0.0050)   (0.0054)   (0.0050)   (0.0054)   (0.0051)   (0.0050)   
Per Soy planting 0.0232 * 0.0227 * 0.0231 * 0.0246 * 0.0261 ** 0.0239 * 
 (0.0122)   (0.0122)   (0.0122)   (0.0126)   (0.0128)   (0.0124)   
n  458   458   458   452   452   452   
R-squared 0.2591   0.2598   0.26   0.2656   0.266   0.2635   
with Percentage Treated Crop Area, Forage and Weather 
 7  8  9  10  11  12  
Per Soy -0.0103 ** -0.00955 * -0.0103 ** -0.0052   -0.0076   -0.0097 * 
 (0.0051)   (0.0055)   (0.0051)   (0.0056)   (0.0053)   (0.0052)   
Per Soy planting 0.0244 ** 0.024175 ** 0.0244 ** 0.0275 ** 0.0309 ** 0.0254 ** 
 (0.0117)   (0.0117)   (0.0117)   (0.0121)   (0.0123)   (0.0119)   
n  442   442   442   436   436   436   
R-squared 0.2826   0.2827   0.2826   0.2937   0.2984   0.2863   
with Natural Log Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
             
Ln Soy -0.0350 * -0.03177 * -0.0338 * -0.0290   -0.0325 * -0.0314 * 
 (0.0188)   (0.0188)   (0.0189)   (0.0189)   (0.0188)   (0.0189)   
Ln Soy planting 0.0192   0.018256   0.0194   0.0196   0.0214   0.0201   
 (0.0167)   (0.0167)   (0.0166)   (0.0169)   (0.0170)   (0.0168)   
n  458   458   458   452   452   452   
R-squared 0.2568   0.2585   0.2579   0.2644   0.2642   0.2611   
with Natural Log Treated Crop Area, Forage and Weather 
lnnosema 7  8  9  10  11  12  
             
Ln Soy -0.0257   -0.02323   -0.0255   -0.0170   -0.0211   -0.0224   
 (0.0193)   (0.0192)   (0.0193)   (0.0194)   (0.0192)   (0.0194)   
Ln Soy planting 0.0163   0.015697   0.0163   0.0179   0.0209   0.0175   
 (0.0167)   (0.0167)   (0.0167)   (0.0168)   (0.0168)   (0.0169)   
n  442   442   442   436   436   436   
R-squared 0.2776   0.2785   0.2777   0.289   0.2926   0.2813   
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Table C.9: Nosema and Cotton 
with Percentage Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
Per Cotton -0.0004   0.0023   -0.0001   0.0092   0.0072   0.0066   
 (0.0310)   0.0309    (0.0309)   (0.0319)   (0.0323)   (0.0316)   
Per Cotton planting -1.6736   -1.7467   -1.7913   -1.7666   -1.7116   -1.8858   
             
n  458   458   458   452   452   452   
R-squared             0.2502   0.2533   0.2517   
with Percentage Treated Crop Area, Forage and Weather 
 7  8  9  10  11  12  
Per Cotton 0.0121   0.0138   0.0121   0.0227   0.0213   0.0184   
 (0.0299)   (0.0297)   (0.0299)   (0.0307)   (0.0312)   (0.0305)   
Per Cotton planting -1.5725   -1.6204   -1.6091   -1.6372   -1.5583   -1.7703   
 (1.5328)   (1.5402)   (1.5335)   (1.6009)   (1.6463)   (1.5418)   
n  442   442   442   436   436   436   
R-squared 0.2599   0.2583   0.2558   0.2745   0.2763   0.2746   
with Natural Log Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
Ln Cotton -0.0405   -0.0380   -0.0400   -0.0269   -0.0288   -0.0314   
 (0.0339)   (0.0337)   (0.0338)   (0.0350)   (0.0354)   (0.0344)   
Ln Cotton planting 0.0850 
**
* 0.0839 *** 0.0839 *** 0.0946 *** 0.1006 *** 0.0871 *** 
 (0.0286)   (0.0288)   (0.0287)   (0.0293)   (0.0297)   (0.0288)   
n  458   458   458   452   452   452   
R-squared 0.2701   0.2722   0.271   0.2809   0.2817   0.2746   
with Natural Log Treated Crop Area, Forage and Weather 
lnnosema 7  8  9  10  11  12  
Ln Cotton -0.0173   -0.0158   -0.0174   -0.0028   -0.0032   -0.0094   
 (0.0335)   (0.0333)   (0.0334)   (0.0345)   (0.0350)   (0.0340)   
Ln Cotton planting 0.0405   0.0401   0.0404   0.0505   0.0577 * 0.0428   
 (0.0309)   (0.0311)   (0.0310)   (0.0316)   (0.0317)   (0.0312)   
n  442   442   442   436   436   436   
R-squared 0.277   0.2785   0.2771   0.2908   0.2944   0.2811   
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Table C.10: Nosema and Canola 
with Percentage Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
Per Canola 0.1022 *** 0.1034 *** 0.1018 *** 0.0966 *** 0.0949 *** 0.0986 *** 
 (0.0291)   (0.0293)   (0.0293)   (0.0293)   (0.0293)   (0.0293)   
Per Canola planting 0.8204 *** 0.8482 *** 0.8266 *** 0.9319 *** 0.9270 *** 0.8394 *** 
 (0.2030)   (0.2038)   (0.2035)   (0.2203)   (0.2275)   (0.2171)   
n  0.2601   0.2634   0.2615   0.2687   0.2669   0.2648   
R-squared 458   458   458   452   452   452   
with Percentage Treated Crop Area, Forage and Weather 
 7  8  9  10  11  12  
Per Canola 0.0970 *** 0.0981 *** 0.0970 *** 0.0897 *** 0.0845 *** 0.0940 *** 
 (0.0305)   (0.0305)   (0.0305)   (0.0310)   (0.0313)   (0.0307)   
Per Canola planting 0.5726 ** 0.6020 *** 0.5772 ** 0.6860 *** 0.6940 *** 0.5839 ** 
 (0.2266)   (0.2278)   (0.2287)   (0.2350)   (0.2359)   (0.2380)   
n  442   442   442   436   436   436   
R-squared 0.2829   0.2848   0.283   0.2945   0.2959   0.2866    
with Natural Log Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
             
Ln Canola 0.1244 *** 0.1242 *** 0.1235 *** 0.1158 *** 0.1141 *** 0.1193 *** 
 (0.0383)   (0.0385)   (0.0384)   (0.0381)   (0.0381)   (0.0383)    
Ln Canola planting 0.0794 *** 0.0777 *** 0.0782 *** 0.0825 *** 0.0855 *** 0.0786 *** 
 (0.0292)   (0.0295)   (0.0294)   (0.0295)   (0.0299)   (0.0296)   
n  458   458   458   452   452   452   
R-squared 0.2755   0.278   0.2764   0.284   0.2831   0.2795   
with Natural Log Treated Crop Area, Forage and Weather 
lnnosema 7  8  9  10  11  12  
             
Ln Canola 0.1193 *** 0.1194 *** 0.1191 *** 0.1091 *** 0.1041 *** 0.1151 *** 
 (0.0383)   (0.0384)   (0.0383)   (0.0379)   (0.0377)   (0.0383)    
Ln Canola planting 0.0513 * 0.0509 * 0.0512 * 0.0566 * 0.0605 * 0.0512 * 
 (0.0305)   (0.0307)   (0.0306)   (0.0307)   (0.0308)   (0.0309)   
n  442   442   442   436   436   436   
R-squared 0.2919   0.2935   0.2919   0.3032   0.3051   0.2951   
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Table C.11: Nosema and Sorghum 
with Percentage Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
Per Sorghum -0.0849 **  -0.0835 **  -0.0794 **  -0.0701   -0.0708   -0.0545   
 (0.0359)   (0.0358)   (0.0394)   (0.0465)   (0.0459)   (0.0531)   
Per Sorghum planting -0.3597 * -0.2814   -0.3508 * -0.2295   -0.2600   -0.3500 * 
 (0.2030)   (0.1802)   (0.2030)   (0.1875)   (0.1881)   (0.2012)   
n  458   458   458   452   452   452   
R-squared 0.2558   0.2585   0.2563   0.2616   0.2604   0.2569   
with Percentage Treated Crop Area, Forage and Weather 
 7  8  9  10  11  12  
Per Sorghum -0.0739 ** -0.0729 ** -0.0757 ** -0.0616 * -0.0629 * -0.0487   
 (0.0291)   (0.0290)   (0.0303)   (0.0352)   (0.0335)   (0.0435)   
Per Sorghum planting -0.5450 ** -0.4848 ** -0.5494 ** -0.3888 * -0.4149 ** -0.5402 ** 
 (0.2620)   (0.2382)   (0.2660)   (0.1979)   (0.1981)   (0.2552)   
n  442   442   442   436   436   436   
R-squared 0.2793   0.2805   0.2794   0.2888   0.2913   0.2801   
with Natural Log Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
             
Ln Sorghum -0.0921 ** -0.0932 ** -0.0891 ** -0.0815 ** -0.0795 ** -0.0750 * 
 (0.0374)   (0.0371)   (0.0387)   (0.0381)   (0.0382)   (0.0404)   
Ln Sorghum planting 0.0652 ** 0.0646 ** 0.0645 ** 0.0688 *** 0.0711 *** 0.0642 ** 
             
n  458   458   458   452   452   452   
R-squared 0.2678   0.2709   0.2683   0.2762   0.2752   0.2698   
with Natural Log Treated Crop Area, Forage and Weather 
lnnosema 7  8  9  10  11  12  
             
Ln Sorghum -0.0657 * -0.0666 * -0.0654 * -0.0534   -0.0498   -0.0489   
 (0.0372)   (0.0370)   (0.0383)   (0.0375)   (0.0375)   (0.0399)   
Ln Sorghum planting 0.0259   0.0262   0.0258   0.0310   0.0339   0.0254   
 (0.0277)   (0.0275)   (0.0277)   (0.0276)   (0.0276)   (0.0278)   
n  442   442   442   436   436   436   
R-squared 0.2787   0.2804   0.2787   0.2904   0.2927   0.2808   
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Table C.12: Nosema and Rice 
with Percentage Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
Per Rice -0.0042   -0.0024   -0.0042   -0.0003   -0.0012   -0.0034 -0.0042 
 (0.0049)   (0.0049)   (0.0049)   (0.0053)   (0.0054)   (0.0049) (0.0049) 
Per Rice planting 0.0007   0.0044   0.0016   0.0064   0.0050   0.0014 0.0007 
 (0.0245)   (0.0227)   (0.0243)   (0.0216)   (0.0227)   (0.0238) (0.0245) 
n  458   458   458   452   452   452 458 
R-squared 0.2497   0.2527   0.2512   0.2589   0.2575   0.2549 0.2497 
with Percentage Treated Crop Area, Forage and Weather 
 7  8  9  10  11  12  
Per Rice -0.0002   0.0022   0.0002   0.0041   0.0000   0.0026 -0.0002 
 (0.0199)   (0.0191)   (0.0200)   (0.0172)   (0.0181)   (0.0179) (0.0199) 
Per Rice planting -0.0081   -0.0063   -0.0082   -0.0004   0.0025   -0.0097 -0.0081 
 (0.0359)   (0.0343)   (0.0357)   (0.0318)   (0.0336)   (0.0342) (0.0359) 
n  442   442   442   436   436   436 442 
R-squared 0.2735   0.275   0.2736   0.286   0.2883   0.2776 0.2735 
with Natural Log Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
             
Ln Rice -0.1167 *** -0.1091 ** -0.1151 *** -0.0968 ** -0.1055 ** -0.1047 ** 
 (0.0433)   (0.0428)   (0.0432)   (0.0443)   (0.0445)   (0.0437)    
Ln Rice planting 0.0864 *** 0.0856 *** 0.0852 *** 0.0939 *** 0.0997 *** 0.0834 *** 
 (0.0288)   (0.0287)   (0.0290)   (0.0289)   (0.0293)   (0.0288)  
n  458   458   458   452   452   452 458 
R-squared 0.2735   0.2749   0.2736   0.2827   0.2839   0.2757 0.2735 
with Natural Log Treated Crop Area, Forage and Weather 
lnnosema 7  8  9  10  11  12  
             
Ln Rice -0.0881 * -0.0822 * -0.0882 * -0.0668   -0.0780 * -0.0750   
 (0.0462)   (0.0458)   (0.0463)   (0.0460)   (0.0455)   (0.0468)    
Ln Rice planting 0.0413   0.0409   0.0414   0.0493   0.0570 * 0.0382   
 (0.0315)   (0.0313)   (0.0316)   (0.0310)   (0.0314)   (0.0315)   
n  442   442   442   436   436   436 442 
R-squared 0.2804   0.2813   0.2804   0.2923   0.2966   0.2827 0.2804 
 
 
 
 
 
 
 
 
 
 124 
Table C.13: Nosema and Barley 
with Percentage Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
Per Barley 0.0856   0.0917 * 0.0856   0.0839   0.0787   0.0810  
 (0.0544)   (0.0554)   (0.0546)   (0.0539)   (0.0533)   (0.0539)  
Per Barley planting -0.7307   -0.8441   -0.9114   -0.5921   -0.4734   -0.8730  
 (4.0865)   (4.0259)   (4.0852)   (3.8521)   (3.8866)   (4.0050)  
n  458   458   458   452   452   452  
R-squared 0.254   0.2577   0.2555   0.2632   0.2612   0.2589  
with Percentage Treated Crop Area, Forage and Weather 
 7  8  9  10  11  12  
Per Barley 0.0728   0.0776   0.0730   0.0697   0.0597   0.0693  
 (0.0528)   (0.0535)   (0.0530)   (0.0524)   (0.0514)   (0.0526)  
Per Barley planting -1.6177   -1.7278   -1.6668   -1.6536   -1.4754   -1.7405  
             
n  442   442   442   436   436   436  
R-squared 0.277   0.2791   0.2771   0.2894   0.2908   0.2809  
with Natural Log Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
             
Ln Barley 0.0336   0.0324   0.0323   0.0312   0.0319   0.0313  
 (0.0380)   (0.0383)   (0.0382)   (0.0380)   (0.0377)   (0.0382)  
Ln Barley planting 0.0315   0.0282   0.0287   0.0318   0.0360   0.0279  
 (0.0393)   (0.0398)   (0.0398)   (0.0402)   (0.0405)   (0.0394)  
n  458   458   458   452   452   452  
R-squared 0.2523   0.2549   0.2534   0.2614   0.2605   0.2571  
with Natural Log Treated Crop Area, Forage and Weather 
lnnosema 7  8  9  10  11  12  
             
Ln Barley 0.0327   0.0319   0.0324   0.0289   0.0280   0.0316  
 (0.0376)   (0.0379)   (0.0377)   (0.0377)   (0.0372)   (0.0379)  
Ln Barley planting -0.0076   -0.0100   -0.0084   -0.0073   -0.0012   -0.0109  
 (0.0377)   (0.0378)   (0.0381)   (0.0381)   (0.0382)   (0.0380)  
n  442   442   442   436   436   436  
R-squared 0.2746   0.2762   0.2747   0.287   0.2891   0.2788  
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Table C.14: Nosema and Spring Wheat 
with Percentage Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
Per Spring Wheat 0.0385 *** 0.0394 *** 0.0383 *** 0.0356 ** 0.0348 ** 0.0367 ** 
 (0.0143)   (0.0143)   (0.0144)   (0.0144)   (0.0145)   (0.0144)   
Per Spring Wheat planting 0.8109    0.8662   0.7416   1.1106   1.0940   0.8092   
 (2.5321)   (2.6289)   (2.5772)   (2.5543)   (2.5032)   (2.5544)   
n  458   458   458   452   452   452   
R-squared 0.2614   0.265   0.2627   0.2691   0.267   0.2656   
with Percentage Treated Crop Area, Forage and Weather 
 7  8  9  10  11  12  
Per Spring Wheat 0.0394 *** 0.0401 *** 0.0394 *** 0.0359 ** 0.0333 ** 0.0379 *** 
 (0.0141)   (0.0141)   (0.0142)   (0.0142)   (0.0143)   (0.0142)   
Per Spring Wheat planting 0.6673    0.6979   0.6528   0.9628   1.0474   0.6479   
 (2.3770)   (2.4605)   (2.3927)   (2.4199)   (2.3267)   (2.4017)   
n  442   442   442   436   436   436   
R-squared 0.2865   0.2885   0.2865   0.2969   0.2975   0.2896   
with Natural Log Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
             
Ln Spring Wheat 0.0947 ** 0.0955 ** 0.0941 ** 0.0854 ** 0.0829 ** 0.0891 ** 
 (0.0379)   (0.0383)   (0.0383)   (0.0381)   (0.0382)   (0.0381)   
Ln Spring Wheat planting 0.0519    0.0484   0.0495   0.0527   0.0564   0.0493   
 (0.0353)   (0.0358)   (0.0358)   (0.0359)   (0.0362)   (0.0353)   
n  458   458   458   452   452   452   
R-squared 0.2632   0.266   0.2642   0.2708   0.2695   0.267   
with Natural Log Treated Crop Area, Forage and Weather 
lnnosema 7  8  9  10  11  12  
 0.0946 ** 0.0954 ** 0.0944 ** 0.0837 ** 0.0773 ** 0.0900 ** 
Ln Spring Wheat (0.0371)   (0.0373)   (0.0371)   (0.0371)   (0.0368)   (0.0372)   
 0.0146    0.0123   0.0142   0.0153   0.0205   0.0124   
Ln Spring Wheat planting (0.0347)   (0.0349)   (0.0350)   (0.0349)   (0.0350)   (0.0348)   
 442   442   442   436   436   436   
n  0.2845   0.2863   0.2846   0.2948   0.2958   0.2875   
R-squared 0.0946 ** 0.0954 ** 0.0944 ** 0.0837 ** 0.0773 ** 0.0900 ** 
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Table C.15: Nosema and Winter Wheat 
with Percentage Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
Per Winter Wheat -0.0076   -0.0061   -0.0073   -0.0007   -0.0007   -0.0054  
 (0.0201)   (0.0197)   (0.0201)   (0.0182)   (0.0184)   (0.0195)  
Per Winter Wheat -0.0103   -0.0110   0.0060   -0.0193   -0.0204   0.0083  
 (0.0277)   (0.0277)   (0.0350)   (0.0273)   (0.0275)   (0.0317)  
n  458   458   458   452   452   452  
R-squared 0.2499   0.2529   0.2512   0.259   0.2576   0.255  
with Percentage Treated Crop Area, Forage and Weather 
 7  8  9  10  11  12  
Per Winter Wheat -0.0179   -0.0167   -0.0178   -0.0110   -0.0099   -0.0164  
 (0.0220)   (0.0217)   (0.0220)   (0.0199)   (0.0195)   (0.0216)  
Per Winter Wheat planting -0.0083   -0.0089   -0.0066   -0.0190   -0.0236   0.0072  
 (0.0294)   (0.0293)   (0.0368)   (0.0289)   (0.0290)   (0.0338)  
n  442   442   442   436   436   436  
R-squared 0.275   0.2764   0.2751   0.2869   0.2892   0.2787  
with Natural Log Treated Crop Area and Forage Controls 
lnnosema 1  2  3  4  5  6  
             
Ln Winter Wheat -0.0371 * -0.0367 * -0.0360   -0.0314   -0.0311   -0.0316  
 (0.0221)   (0.0221)   (0.0224)   (0.0224)   (0.0225)   (0.0228)  
Ln Winter Wheat planting 0.0105    0.0102   0.0089   0.0145   0.0159   0.0092  
 (0.0154)   (0.0154)   (0.0157)   (0.0153)   (0.0155)   (0.0154)  
n  458   458   458   452   452   452  
R-squared 0.2542   0.2572   0.2553   0.2626   0.2613   0.2582  
with Natural Log Treated Crop Area, Forage and Weather 
lnnosema 7  8  9  10  11  12  
             
Ln Winter Wheat -0.0332   -0.0332   -0.0329   -0.0302   -0.0294   -0.0294  
 (0.0215)   (0.0216)   (0.0218)   (0.0219)   (0.0219)   (0.0222)  
Ln Winter Wheat planting -0.0013   -0.0010   -0.0017   0.0060   0.0093   -0.0015  
 (0.0164)   (0.0164)   (0.0166)   (0.0163)   (0.0165)   (0.0164)  
n  442   442   442   436   436   436  
R-squared 0.2773   0.2789   0.2773   0.2889   0.2912   0.2805  
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Table C.16:  Logit Nosema Threshold Full Crop Model with Percentage and Forage 
Availability Controls 
nosemathresh 1 2 3 4 5 6 
PerCorn 0.0093 0.0160 0.0092 0.0161 0.0081 0.0093 
  (0.0169) (0.0177) (0.0169) (0.0178) (0.0172) (0.0170) 
PerSoy -0.0180 -0.0082 -0.0180 -0.0065 -0.0160 -0.0174 
  (0.0179) (0.0182) (0.0179) (0.0185) (0.0182) (0.0182) 
PerCotton 0.0029 0.0183 0.0026 0.0223 0.0062 0.0071 
  (0.0317) (0.0295) (0.0319) (0.0289) (0.0314) (0.0314) 
PerCanola 0.1590 0.1682 0.1589 0.1689 0.1613 0.1593 
  (0.1317) (0.1290) (0.1318) (0.1282) (0.1298) (0.1312) 
PerSorghum -0.5537 -0.7484 -0.5530 -0.8020 -0.5887 -0.5865 
  (0.8958) (1.0833) (0.9106) (1.1228) (0.9018) (0.9297) 
PerRice -0.0107 -0.0023 -0.0109 -0.0021 -0.0054 -0.0098 
  (0.0263) (0.0261) (0.0266) (0.0262) (0.0265) (0.0254) 
PerBarley -0.0740 -0.0478 -0.0741 -0.0469 -0.0753 -0.0765 
  (0.0928) (0.0951) (0.0929) (0.0951) (0.0927) (0.0926) 
PerSpringwheat 0.0355 0.0374 0.0356 0.0354 0.0266 0.0334 
  (0.0371) (0.0381) (0.0371) (0.0381) (0.0375) (0.0370) 
PerWinterwheat -0.1563** -0.1237 -0.1577** -0.1144 -0.1385* -0.1450* 
  (0.0794) (0.0757) (0.0799) (0.0739) (0.0784) (0.0766) 
Natural area   0.0130**                    
    (0.0066)                    
Natural area in bloom     -0.0002                  
      (0.0076)                  
Natural area *NDVI       0.0001                
        0.0000                 
NDVI         0.0127              
          (0.0090)              
NDVI during bloom           0.0037 
            (0.0042) 
Minimum Temp             
              
Precipitation             
              
collectionMonth      
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
N 937 937 936 921 921 921 
Pseudo R-square 0.1375 0.145 0.1375 0.1458 0.1406 0.1389 
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Table C.17:  Logit Nosema Threshold Full Crop Model with Percentage, Forage 
Availability and Weather Controls 
 nosemathresh 7 8 9 10 11 12 
PerCorn 0.0164 0.0225 0.0165 0.0231 0.0160 0.0163 
  (0.0170) (0.0176) (0.0170) (0.0177) (0.0172) (0.0170) 
PerSoy -0.0242 -0.0135 -0.0243 -0.0111 -0.0209 -0.0236 
  (0.0203) (0.0202) (0.0203) (0.0204) (0.0202) (0.0204) 
PerCotton 0.0125 0.0265 0.0122 0.0296 0.0154 0.0147 
  (0.0289) (0.0281) (0.0292) (0.0278) (0.0283) (0.0292) 
PerCanola 0.1383 0.1486 0.1382 0.1502 0.1411 0.1397 
  (0.1351) (0.1322) (0.1351) (0.1317) (0.1344) (0.1346) 
PerSorghum -0.8673 -1.0206 -0.8659 -1.0605 -0.8178 -0.8811 
  (1.6596) (1.6645) (1.6653) (1.6742) (1.5343) (1.6425) 
PerRice 0.0804 0.0874 0.0807 0.0865 0.0841 0.0813 
  (0.0744) (0.0683) (0.0741) (0.0679) (0.0708) (0.0732) 
PerBarley -0.1054 -0.0782 -0.1054 -0.0758 -0.1109 -0.1055 
  (0.0970) (0.0991) (0.0971) (0.0991) (0.0976) (0.0966) 
PerSpringwheat 0.0529 0.0543 0.0529 0.0521 0.0421 0.0503 
  (0.0388) (0.0398) (0.0389) (0.0397) (0.0388) (0.0388) 
PerWinterwheat -0.1682** -0.1405* -0.1697** -0.1331* -0.1548* -0.1626** 
  (0.0799) (0.0783) (0.0805) (0.0773) (0.0800) (0.0788) 
Natural area   0.0132*                    
    (0.0070)                    
Natural area in bloom     -0.0007                  
      (0.0073)                  
Natural area *NDVI       0.0001**                
        0.0000                 
NDVI         0.0170              
          (0.0108)              
NDVI during bloom           0.0028 
            (0.0042) 
Minimum Temp -0.0648** -0.0566* -0.0643** -0.0555* -0.0783** -0.0599* 
  (0.0312) (0.0328) (0.0311) (0.0333) (0.0375) (0.0320) 
Precipitation -0.0004 -0.0007 -0.0004 -0.0011 -0.0015 -0.0006 
  (0.0025) (0.0025) (0.0025) (0.0026) (0.0028) (0.0026) 
collectionMonth       
collectionMonthSQ       
Year fixed effects       
Region fixed effects       
N 901 901 900 885 885 885
Pseudo R-square 0.1657 0.1725 0.1657 0.1722 0.169 0.1645
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Table C.18:  Logit Nosema Threshold Full Crop Model with Natural Log and Forage 
Availability Controls 
nosemathresh 1 2 3 4 5 6 
              
lnCornall900 -0.0763 -0.0829 -0.0721 -0.1136 -0.1076 -0.0774 
  (0.0738) (0.0751) (0.0738) (0.0767) (0.0756) (0.0743) 
lnSoyall900 -0.0180 -0.0046 -0.0185 -0.0024 -0.0115 -0.0191 
  (0.0579) (0.0578) (0.0580) (0.0558) (0.0564) (0.0581) 
lnCottonall900 -0.0272 -0.0028 -0.0260 -0.0023 -0.0193 -0.0205 
  (0.0887) (0.0896) (0.0886) (0.0881) (0.0887) (0.0884) 
lnCanola900 0.1968* 0.1852* 0.1964* 0.1693 0.1792 0.1920* 
  (0.1096) (0.1108) (0.1105) (0.1126) (0.1122) (0.1109) 
lnSorghum900 -0.0850 -0.1143 -0.0873 -0.0997 -0.0805 -0.0878 
  (0.1145) (0.1137) (0.1151) (0.1159) (0.1160) (0.1144) 
lnRice900 -0.0511 -0.0150 -0.0452 -0.0196 -0.0426 -0.0526 
  (0.1452) (0.1390) (0.1460) (0.1421) (0.1471) (0.1492) 
lnBarleyall900 -0.1380 -0.1268 -0.1380 -0.1248 -0.1330 -0.1389 
  (0.1017) (0.1014) (0.1015) (0.1032) (0.1038) (0.1020) 
lnSpringwheat900 0.0895 0.0950 0.0901 0.0622 0.0587 0.0814 
  (0.0928) (0.0938) (0.0936) (0.0966) (0.0964) (0.0930) 
lnWinterwheatall900 0.0336 0.0354 0.0347 0.0650 0.0633 0.0461 
  (0.0584) (0.0588) (0.0583) (0.0637) (0.0638) (0.0596) 
Natural area   0.3329                    
    (0.2109)                    
Natural area in bloom     0.0382                  
      (0.0571)                  
Natural area *NDVI       0.0011**                
        (0.0005)                
NDVI         0.0172*              
          (0.0096)              
NDVI during bloom           0.0042 
            (0.0050) 
Minimum Temp             
              
Precipitation             
              
collectionMonth      
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
n  937 937 937 921 921 921 
Pseudo R-squared 0.1399 0.1448 0.141 0.1489 0.1454 0.1414 
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Table C.19: Logit Nosema Threshold Full Crop Model with Natural Log, Forage Availability and Weather 
Controls 
nosemathresh 7 8 9 10 11 12 
                         
lnCornall900 -0.0753 -0.0867 -0.0748 -0.1158 -0.1071 -0.0789 
  (0.0779) (0.0802) (0.0779) (0.0829) (0.0806) (0.0785) 
lnSoyall900 -0.0216 -0.0047 -0.0212 0.0054 -0.0062 -0.0198 
  (0.0588) (0.0594) (0.0588) (0.0578) (0.0578) (0.0586) 
lnCottonall900 0.0311 0.0566 0.0308 0.0612 0.0432 0.0356 
  (0.0900) (0.0919) (0.0899) (0.0919) (0.0914) (0.0903) 
lnCanola900 0.1943* 0.1835* 0.1934* 0.1636 0.1725 0.1881* 
  (0.1102) (0.1114) (0.1108) (0.1130) (0.1129) (0.1113) 
lnSorghum900 -0.1022 -0.1277 -0.1021 -0.1060 -0.0878 -0.1019 
  (0.1220) (0.1195) (0.1217) (0.1220) (0.1244) (0.1211) 
lnRice900 -0.0024 0.0347 -0.0032 0.0155 -0.0103 -0.0104 
  (0.1841) (0.1747) (0.1853) (0.1798) (0.1888) (0.1879) 
lnBarleyall900 -0.1606 -0.1496 -0.1601 -0.1480 -0.1556 -0.1583 
  (0.1074) (0.1075) (0.1072) (0.1089) (0.1094) (0.1074) 
lnSpringwheat900 0.1155 0.1219 0.1153 0.0891 0.0845 0.1085 
  (0.0940) (0.0954) (0.0944) (0.0984) (0.0971) (0.0941) 
lnWinterwheatall900 0.0414 0.0433 0.0427 0.0688 0.0674 0.0501 
  (0.0582) (0.0588) (0.0584) (0.0639) (0.0636) (0.0598) 
Natural area   0.3516                    
    (0.2259)                    
Natural area in bloom     0.0225                  
      (0.0572)                  
Natural area *NDVI       0.0012**                
        (0.0005)                
NDVI         0.0192*              
          (0.0111)              
NDVI during bloom           0.0030 
            (0.0050) 
Minimum Temp -0.0619** -0.0586* -0.0593* -0.0733** -0.0760** 
-
0.0567* 
  (0.0313) (0.0316) (0.0332) (0.0354) (0.0369) (0.0321) 
Precipitation 0.0008 0.0005 0.0008 -0.0005 -0.0003 0.0006 
  (0.0026) (0.0026) (0.0026) (0.0028) (0.0028) (0.0027) 
collectionMonth      
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
n  901 901 901 885 885 885 
Pseudo R-squared 0.1636 0.1688 0.164 0.1717 0.1681 0.1624 
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Table C.20:  Logit Nosema Dummy Full Crop Model with Percentage and Forage Availability 
Controls 
Logit             
nosema_d 1 2 3 4 5 6 
PerCorn 0.0001 -0.0006 0.0002 0.0003 0.0014 0.0011 
  (0.0094) (0.0096) (0.0094) (0.0097) (0.0096) (0.0095) 
PerSoy -0.0079 -0.0089 -0.0083 -0.0084 -0.0053 -0.0078 
  (0.0095) (0.0098) (0.0095) (0.0101) (0.0099) (0.0098) 
PerCotton -0.0206 -0.0224 -0.0193 -0.0195 -0.0187 -0.0194 
  (0.0169) (0.0174) (0.0169) (0.0180) (0.0179) (0.0180) 
PerCanola 1.2664** 1.2797** 1.2614** 1.2330** 1.1974** 1.2347** 
  (0.5214) (0.5267) (0.5221) (0.5163) (0.5214) (0.5242) 
PerSorghum 0.0626 0.0639 0.0607 0.0138 0.0107 0.0340 
  (0.0701) (0.0700) (0.0709) (0.1003) (0.0954) (0.1114) 
PerRice 0.0391 0.0382 0.0395 0.0390 0.0387 0.0413 
  (0.0318) (0.0320) (0.0311) (0.0317) (0.0302) (0.0308) 
PerBarley -0.4925*** -0.5003*** -0.4923*** -0.4839*** -0.4602*** -0.4814*** 
  (0.1647) (0.1665) (0.1649) (0.1648) (0.1645) (0.1653) 
PerSpringwheat -0.0165 -0.0169 -0.0158 -0.0147 -0.0310 -0.0210 
  (0.0483) (0.0487) (0.0485) (0.0486) (0.0480) (0.0485) 
PerWinterwheat -0.0149 -0.0161 -0.0127 -0.0103 0.0011 -0.0077 
  (0.0297) (0.0299) (0.0302) (0.0308) (0.0336) (0.0316) 
Natural area   -0.0015                    
    (0.0035)                    
Natural area in bloom     0.0028                  
      (0.0049)                  
Natural area *NDVI       0.0000                
        0.0000                 
NDVI         0.0138**              
          (0.0054)              
NDVI during bloom           0.0051** 
            (0.0025) 
Minimum Temp             
              
Precipitation             
              
collectionMonth      
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
n 937 937 936 921 921 921 
Pseudo R-square 0.0909 0.091 0.0911 0.0904 0.0958 0.094 
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Table C.21:  Logit Nosema Dummy Full Crop Model with Natural Log, Forage Availability 
and Weather Controls 
nosema_d 7 8 9 10 11 12 
PerCorn 0.0022 0.0016 0.0022 0.0024 0.0031 0.0027 
  (0.0095) (0.0097) (0.0095) (0.0098) (0.0097) (0.0096) 
PerSoy -0.0109 -0.0118 -0.0113 -0.0116 -0.0079 -0.0106 
  (0.0096) (0.0099) (0.0096) (0.0102) (0.0100) (0.0100) 
PerCotton -0.0215 -0.0231 -0.0199 -0.0208 -0.0194 -0.0213 
  (0.0174) (0.0179) (0.0174) (0.0188) (0.0184) (0.0188) 
PerCanola 1.2502** 1.2610** 1.2460** 1.2171** 1.1950** 1.2271** 
  (0.5175) (0.5214) (0.5184) (0.5136) (0.5212) (0.5253) 
PerSorghum 0.0547 0.0559 0.0525 0.0016 0.0039 0.0208 
  (0.0705) (0.0703) (0.0714) (0.1005) (0.0955) (0.1130) 
PerRice 0.0566* 0.0557* 0.0566* 0.0568* 0.0527* 0.0559* 
  (0.0319) (0.0321) (0.0312) (0.0315) (0.0315) (0.0315) 
PerBarley -0.4843*** -0.4909*** -0.4851*** -0.4757*** -0.4608*** -0.4755*** 
  (0.1644) (0.1659) (0.1647) (0.1647) (0.1651) (0.1662) 
PerSpringwheat -0.0167 -0.0170 -0.0157 -0.0148 -0.0303 -0.0217 
  (0.0481) (0.0483) (0.0483) (0.0484) (0.0479) (0.0484) 
PerWinterwheat -0.0109 -0.0122 -0.0088 -0.0054 0.0020 -0.0037 
  (0.0301) (0.0303) (0.0305) (0.0315) (0.0339) (0.0323) 
Natural area   -0.0013                    
    (0.0038)                    
Natural area in bloom     0.0036                  
      (0.0051)                  
Natural area *NDVI       0.0000                
        0.0000                 
NDVI         0.0134**              
          (0.0058)              
NDVI during bloom           0.0051** 
            (0.0025) 
Minimum Temp 0.0086 0.0073 0.0071 0.0108 -0.0013 0.0109 
  (0.0203) (0.0206) (0.0203) (0.0207) (0.0211) (0.0204) 
Precipitation 0.0011 0.0011 0.0011 0.0011 0.0005 0.0008 
  (0.0012) (0.0012) (0.0012) (0.0012) (0.0012) (0.0012) 
collectionMonth      
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
n 901 901 900 885 885 885 
Pseudo R-square 0.0935 0.0936 0.0938 0.0933 0.0979 0.0967 
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 Table C.22:  Logit Nosema Dummy Full Crop Model with Percentage, Forage Availability 
nosema_d 1 2 3 4 5 6 
lnCornall900 -0.0144 -0.0167 -0.0119 -0.0173 -0.0180 -0.0055 
  (0.0469) (0.0469) (0.0470) (0.0474) (0.0473) (0.0474) 
lnSoyall900 -0.0048 -0.0006 -0.0042 0.0052 0.0022 -0.0052 
  (0.0344) (0.0346) (0.0343) (0.0347) (0.0346) (0.0346) 
lnCottonall900 -0.0269 -0.0216 -0.0263 -0.0199 -0.0259 -0.0301 
  (0.0376) (0.0381) (0.0377) (0.0388) (0.0386) (0.0386) 
lnCanola900 0.1147 0.1161 0.1161 0.1001 0.0934 0.1046 
  (0.1015) (0.1010) (0.1016) (0.1012) (0.1018) (0.1025) 
lnSorghum900 -0.0363 -0.0422 -0.0359 -0.0571 -0.0495 -0.0460 
  (0.0602) (0.0605) (0.0608) (0.0610) (0.0612) (0.0619) 
lnRice900 0.0584 0.0663 0.0641 0.0486 0.0361 0.0460 
  (0.0663) (0.0665) (0.0658) (0.0654) (0.0655) (0.0660) 
lnBarleyall900 -0.0681 -0.0691 -0.0687 -0.0564 -0.0557 -0.0567 
  (0.0797) (0.0794) (0.0795) (0.0804) (0.0809) (0.0809) 
lnSpringwheat900 0.0992 0.0995 0.0981 0.0803 0.0727 0.0849 
  (0.0874) (0.0868) (0.0878) (0.0886) (0.0911) (0.0895) 
lnWinterwheatall900 0.0410 0.0408 0.0406 0.0527 0.0585* 0.0480 
  (0.0339) (0.0338) (0.0339) (0.0348) (0.0355) (0.0345) 
Natural area   0.0935                    
    (0.0877)                    
Natural area in bloom     0.0387                  
      (0.0320)                  
Natural area *NDVI       0.0006**                
        (0.0002)                
NDVI         0.0142***              
          (0.0052)              
NDVI during bloom           0.0051** 
              
Minimum Temp             
              
Precipitation             
              
collectionMonth      
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
n  937 937 937 921 921 921 
Psuedo R-squared 0.0835 0.0843 0.0849 0.0887 0.0898 0.0874 
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Table C.23:  Logit Nosema Dummy Full Crop Model with Natural Log, Forage Availability 
and Weather Controls 
nosema_d  7 8 9 10 11 12 
lnCornall900 -0.0048 -0.0085 -0.0041 -0.0108 -0.0115 0.0005 
  (0.0483) (0.0484) (0.0485) (0.0491) (0.0491) (0.0489) 
lnSoyall900 -0.0192 -0.0135 -0.0175 -0.0051 -0.0070 -0.0165 
  (0.0354) (0.0357) (0.0355) (0.0362) (0.0360) (0.0359) 
lnCottonall900 -0.0197 -0.0139 -0.0199 -0.0100 -0.0139 -0.0219 
  (0.0386) (0.0392) (0.0387) (0.0400) (0.0397) (0.0398) 
lnCanola900 0.1265 0.1285 0.1283 0.1105 0.1021 0.1159 
  (0.1014) (0.1009) (0.1015) (0.1013) (0.1018) (0.1024) 
lnSorghum900 -0.0471 -0.0536 -0.0471 -0.0650 -0.0567 -0.0572 
  (0.0611) (0.0614) (0.0619) (0.0621) (0.0623) (0.0632) 
lnRice900 0.0653 0.0740 0.0680 0.0495 0.0363 0.0450 
  (0.0663) (0.0665) (0.0669) (0.0677) (0.0685) (0.0687) 
lnBarleyall900 -0.0774 -0.0787 -0.0773 -0.0660 -0.0647 -0.0651 
  (0.0805) (0.0802) (0.0805) (0.0812) (0.0816) (0.0819) 
lnSpringwheat900 0.0958 0.0964 0.0940 0.0772 0.0699 0.0800 
  (0.0878) (0.0872) (0.0884) (0.0889) (0.0911) (0.0900) 
lnWinterwheatall900 0.0476 0.0473 0.0472 0.0568 0.0612* 0.0538 
  (0.0345) (0.0344) (0.0345) (0.0352) (0.0359) (0.0350) 
Natural area   0.1091                     
    (0.0919)                    
Natural area in bloom     0.0399                   
      (0.0337)                  
Natural area *NDVI       0.0006**                 
        (0.0002)                
NDVI         0.0136**               
          (0.0057)              
NDVI during bloom           0.0050*  
            (0.0027) 
Minimum Temp 0.0091 0.0108 0.0130 0.0042 -0.0015 0.0115 
  (0.0200) (0.0201) (0.0202) (0.0207) (0.0210) (0.0202) 
Precipitation 0.0015  0.0014  0.0014  0.0009  0.0008  0.0011  
  (0.0012) (0.0012) (0.0012) (0.0012) (0.0012) (0.0012) 
collectionMonth      
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
n  901 901 901 885 885 885 
Psuedo R-squared 0.0858 0.0868 0.0871 0.0904 0.091 0.0893 
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Appendix D:Varroa Mite Results  
Table D.1:  Varroa OLS Full Crop Models with Percentage and Forage Controls 
lnmites 1 2 3 4 5 6 
              
PerCornall -0.0045 -0.0046 -0.0044 -0.0048 -0.0049 -0.0045 
  (0.0036) (0.0036) (0.0036) (0.0037) (0.0036) (0.0036) 
PerSoyall 0.0042 0.0040 0.0039 0.0032 0.0030 0.0037 
  (0.0035) (0.0035) (0.0035) (0.0037) (0.0036) (0.0036) 
PerCotton -0.0172*** -0.0174*** -0.0164*** -0.0192*** -0.0188*** -0.0184*** 
  (0.0060) (0.0061) (0.0059) (0.0067) (0.0064) (0.0064) 
PerCanola 0.0356 0.0355 0.0351 0.0343 0.0328 0.0344 
  (0.0306) (0.0306) (0.0307) (0.0306) (0.0301) (0.0307) 
PerSorghum -0.0370* -0.0369* -0.0385* -0.0447* -0.0441* -0.0487* 
  (0.0215) (0.0216) (0.0215) (0.0253) (0.0248) (0.0254) 
PerRice 0.0036 0.0035 0.0041 0.0034 0.0027 0.0038 
  (0.0039) (0.0040) (0.0038) (0.0041) (0.0043) (0.0039) 
PerBarleyall -0.0698*** -0.0704*** -0.0703*** -0.0726*** -0.0721*** -0.0707*** 
  (0.0256) (0.0255) (0.0256) (0.0255) (0.0254) (0.0256) 
PerSpringwheat -0.0246** -0.0246** -0.0242** -0.0240** -0.0201* -0.0235** 
  (0.0113) (0.0113) (0.0114) (0.0113) (0.0112) (0.0114) 
PerWinterwheatall 0.0019 0.0017 0.0031 0.0019 -0.0005 0.0023 
  (0.0091) (0.0091) (0.0091) (0.0092) (0.0095) (0.0091) 
Natural area   -0.0002         
    (0.0012)         
Natural area in bloom     0.0019       
      (0.0018)       
Natural area *NDVI       0.0000     
        0.0000      
NDVI         -0.0040   
          (0.0019)   
NDVI during bloom           -0.0006 
            (0.0009) 
Minimum Temp             
Precipitation             
collectionMonth      
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
n  938 938 938 922 922 922 
R-squared 0.2245 0.2245 0.2258 0.2255 0.2294 0.2257 
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Table D.2: Varroa OLS Full Crop Models with Percentage, Forage and Weather Controls     
  Ln(mites+1) 7  8 9 10 11 12 
PerCornall -0.0038 -0.0039 -0.0038 -0.0041 -0.0039 -0.0039 
  (0.0037) (0.0037) (0.0037) (0.0038) (0.0038) (0.0038) 
PerSoyall 0.0037 0.0034 0.0034 0.0026 0.0022 0.0030 
  (0.0038) (0.0039) (0.0038) (0.0041) (0.0040) (0.0040) 
PerCotton -0.0154*** -0.0158*** -0.0145*** -0.0176*** -0.0172*** -0.0168*** 
  (0.0056) (0.0058) (0.0056) (0.0063) (0.0061) (0.0061) 
PerCanola 0.0316 0.0313 0.0310 0.0303 0.0295 0.0302 
  (0.0317) (0.0317) (0.0318) (0.0317) (0.0312) (0.0318) 
PerSorghum -0.0291 -0.0288 -0.0307 -0.0361 -0.0372 -0.0425 
  (0.0221) (0.0221) (0.0219) (0.0261) (0.0256) (0.0266) 
PerRice 0.0117 0.0114 0.0116 0.0116 0.0127 0.0121 
  (0.0091) (0.0091) (0.0086) (0.0093) (0.0095) (0.0093) 
PerBarleyall -0.0759*** -0.0770*** -0.0767*** -0.0787*** -0.0768*** -0.0766*** 
  (0.0258) (0.0257) (0.0258) (0.0257) (0.0256) (0.0258) 
PerSpringwheat -0.0218* -0.0218* -0.0213* -0.0212* -0.0179 -0.0203* 
  (0.0115) (0.0114) (0.0115) (0.0115) (0.0114) (0.0115) 
PerWinterwheatall -0.0009 -0.0013 0.0002 -0.0010 -0.0020 -0.0006 
  (0.0094) (0.0095) (0.0094) (0.0096) (0.0097) (0.0095) 
Natural area   -0.0004         
    (0.0012)         
Natural area in bloom     0.0023       
      (0.0019)       
Natural area *NDVI       0.0000     
        (0.0000)     
NDVI         -0.0037*   
          (0.0020)   
NDVI during bloom           -0.0011 
            (0.0009) 
Minimum Temp -0.0163** -0.0167** -0.0169** -0.0164** -0.0125* -0.0160** 
  (0.0069) (0.0070) (0.0070) (0.0071) (0.0072) (0.0070) 
Precipitation -0.0001 -0.0001 -0.0001 -0.0001 0.0001 0.0000 
  (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) 
collectionMonth       
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
n  904 904 903 888 888 888
R-squared 0.2318 0.2318 0.2336 0.2323 0.2351 0.2335 
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Table D.3:  Varroa OLS Full Crops Models with Natural Log and Forage Controls 
  Ln(mites+1) 1 2 3 4 5 6 
lnCornall900 -0.0265* -0.0260* -0.0263* -0.0258 -0.0259 -0.0284* 
  (0.0156) (0.0156) (0.0156) (0.0158) (0.0158) (0.0157) 
lnSoyall900 0.0018 0.0009 0.0019 0.0001 0.0011 0.0024 
  (0.0120) (0.0121) (0.0121) (0.0122) (0.0122) (0.0122) 
lnCottonall900 -0.0392*** -0.0403*** -0.0392*** -0.0415*** -0.0399*** -0.0388*** 
  (0.0130) (0.0130) (0.0130) (0.0132) (0.0131) (0.0133) 
lnCanola900 -0.0127 -0.0124 -0.0125 -0.0110 -0.0103 -0.0139 
  (0.0363) (0.0363) (0.0363) (0.0361) (0.0360) (0.0364) 
lnSorghum900 0.0001 0.0014 0.0003 0.0002 -0.0018 -0.0026 
  (0.0200) (0.0202) (0.0200) (0.0204) (0.0204) (0.0205) 
lnRice900 0.0340* 0.0322* 0.0343* 0.0314 0.0347* 0.0332* 
  (0.0187) (0.0190) (0.0187) (0.0193) (0.0193) (0.0191) 
lnBarleyall900 0.0156 0.0156 0.0155 0.0161 0.0158 0.0172 
  (0.0233) (0.0233) (0.0233) (0.0234) (0.0233) (0.0235) 
lnSpringwheat900 -0.0757*** -0.0758*** -0.0757*** -0.0706*** -0.0679** -0.0738*** 
  (0.0278) (0.0278) (0.0278) (0.0274) (0.0272) (0.0277) 
lnWinterwheatall900 -0.0014 -0.0014 -0.0014 -0.0040 -0.0054 -0.0019 
  (0.0128) (0.0128) (0.0128) (0.0128) (0.0128) (0.0130) 
Natural area   -0.0184         
    (0.0263)         
Natural area in bloom     0.0029       
      (0.0103)       
Natural area *NDVI       -0.0001*     
        (0.0001)     
NDVI         -0.0037**   
          (0.0018)   
NDVI during bloom           -0.0005 
            (0.0008) 
Minimum Temp             
              
Precipitation             
              
collectionMonth       
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
n 938 938 938 922 922 922
R-Squared 0.233 0.2332 0.233 0.2358 0.2366 0.2332 
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Table D.4:  Varroa OLS Full Crops Models with Natural Log, Forage and Weather Controls 
  lnmites 7  8 9 10 11 12 
lnCornall900 -0.0314* -0.0307* -0.0315* -0.0304* -0.0302* -0.0333** 
  (0.0161) (0.0162) (0.0161) (0.0164) (0.0164) (0.0162) 
lnSoyall900 0.0061 0.0051 0.0059 0.0034 0.0039 0.0062 
  (0.0128) (0.0129) (0.0128) (0.0131) (0.0131) (0.0129) 
lnCottonall900 -0.0332** -0.0343*** -0.0331** -0.0363*** -0.0354*** -0.0329** 
  (0.0133) (0.0133) (0.0133) (0.0135) (0.0135) (0.0135) 
lnCanola900 -0.0152 -0.0149 -0.0153 -0.0133 -0.0121 -0.0160 
  (0.0366) (0.0366) (0.0366) (0.0365) (0.0365) (0.0366) 
lnSorghum900 0.0053 0.0065 0.0050 0.0050 0.0028 0.0023 
  (0.0205) (0.0207) (0.0205) (0.0210) (0.0211) (0.0211) 
lnRice900 0.0396* 0.0380* 0.0395* 0.0384* 0.0422* 0.0403* 
  (0.0210) (0.0214) (0.0211) (0.0216) (0.0219) (0.0217) 
lnBarleyall900 0.0133 0.0133 0.0133 0.0140 0.0137 0.0149 
  (0.0237) (0.0237) (0.0237) (0.0239) (0.0238) (0.0239) 
lnSpringwheat900 -0.0703** -0.0705** -0.0701** -0.0655** -0.0628** -0.0669** 
  (0.0277) (0.0278) (0.0278) (0.0275) (0.0272) (0.0276) 
lnWinterwheatall900 -0.0028 -0.0027 -0.0028 -0.0047 -0.0059 -0.0039 
  (0.0129) (0.0129) (0.0129) (0.0129) (0.0129) (0.0130) 
Natural area   -0.0183         
              
Natural area in bloom     -0.0045       
      (0.0111)       
Natural area *NDVI       -0.0001*     
        (0.0001)     
NDVI         -0.0036*   
          (0.0020)   
NDVI during bloom           -0.0010 
            (0.0009) 
Minimum Temp -0.0137 -0.0139 -0.0141 -0.0115 -0.0099 -0.0135* 
  (0.0070) (0.0071) (0.0071) (0.0072) (0.0073) (0.0071) 
Precipitation -0.0001 0.0000 -0.0001 0.0001 0.0001 0.0000 
  (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) 
collectionMonth       
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
  904 904 903 888 888 888
R-Squared 0.2379 0.2381 0.238 0.2399 0.2406 0.2388 
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Table D.5: Varroa and Corn  
with Percentage Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
PerCorn -0.0011   -0.0014   -0.0010   -0.0034   -0.0026   -0.0016   
 (0.0025)   (0.0026)   (0.0026)   (0.0026)   (0.0026)   (0.0026)   
PerCorn planting -0.0094   -0.0093   -0.0091   -0.0116   -0.0135 * -0.0106   
 (0.0078)   (0.0078)   (0.0079)   (0.0078)   (0.0080)   (0.0073)   
n  938   938   938   922   922   922   
R-squared 0.2007   0.2008   0.2008   0.2054   0.2076   0.2009   
with Percentage Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
PerCorn -0.0005   -0.001   -0.0007   -0.0027   -0.002   -0.0011   
 (0.0025)   (0.0026)   (0.0025)   (0.0026)   (0.0026)   (0.0025)   
PerCorn planting -0.0118   -0.0117   -0.0123   -0.0135   -0.0151 * -0.014 * 
 (0.0085)   (0.0085)   (0.0080)   (0.0084)   (0.0085)   (0.0076)   
n  904   904   904   888   888   888   
R-squared 0.2091   0.2093   0.2093   0.2123   0.2139   0.2103   
with Natural Log Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
             
lnCorn -0.0372 *** -0.0375 *** -0.037 *** -0.0399 *** -0.0391 *** -0.0396 *** 
 (0.0098)   (0.0098)   (0.0099)   (0.0099)   (0.0099)   (0.0100)   
lnCorn planting -0.0071   -0.0069   -0.0071   -0.0093   -0.0113   -0.0081   
 -0.0069   -0.0069   -0.0069   -0.007   -0.0071   -0.0069   
n  938   938   938   922   922   922   
R-squared 0.2111   0.2112   0.2111   0.2158   0.218   0.2123   
with Natural Log Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
             
lnCorn -0.0348 *** -0.0352 *** -0.0354 *** -0.0381 *** -0.0376 *** -0.0378 *** 
 (0.0101)   (0.0101)   (0.0101)   (0.0101)   (0.0101)   (0.0102)   
lnCorn planting -0.0184 ** -0.0183 ** -0.0185 ** -0.0199 *** -0.0212 *** -0.0197 *** 
 (0.0075)   (0.0075)   (0.0075)   (0.0076)   (0.0076)   (0.0075)   
n  904   904   904   888   888   888   
R-squared 0.221   0.2212   0.2213   0.225   0.2269   0.2235   
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Table D.6: Varroa and Soy  
with Percentage Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
Per Soy 0.0012   0.0012   0.0014   -0.0007   0.0001   0.0009   
 (0.0024)   (0.0025)   (0.0024)   (0.0025)   (0.0024)   (0.0025)   
Per Soy planting -0.0079   -0.0078   -0.0077   -0.0088   -0.0099   -0.0084   
 (0.0069)   (0.0069)   (0.0069)   (0.0069)   (0.0068)   (0.0069)   
n  938   938   938   922   922   922   
R-squared 0.2007   0.2007   0.2009   0.2041   0.2065   0.2006   
with Percentage Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
Per Soy 0.0019   0.0017   0.0018   0.0000   0.0006   0.0014   
 (0.0024)   (0.0025)   (0.0024)   (0.0025)   (0.0024)   (0.0024)   
Per Soy planting -0.0075   -0.0075   -0.0076   -0.0084   -0.0096   -0.0085   
 (0.0069)   (0.0069)   (0.0069)   (0.0070)   (0.0069)   (0.0070)   
n  904   904   904   888   888   888   
R-squared 0.2086   0.2086   0.2087   0.2105   0.2124   0.2091   
with Natural Log Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
             
Ln Soy -0.0155 * -0.0160 * -0.0152 * -0.0180 ** -0.0166086 ** -0.0164 ** 
 (0.0082)   (0.0082)   (0.0082)   (0.0083)   (0.0083)   (0.0083)   
Ln Soy planting -0.0085   -0.0083   -0.0083   -0.0089   -0.009961   -0.0094   
 (0.0067)   (0.0067)   (0.0067)   (0.0067)   (0.0067)   (0.0068)   
n  938   938   938   922   922   922   
R-squared 0.204   0.2041   0.204   0.2079   0.2098   0.2043   
with Natural Log Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
             
Ln Soy -0.0118   -0.012568   -0.0121091   -0.0151 * -0.0141 * -0.0131076   
 (0.0085)   (0.0085)   (0.0085)   (0.0086)   (0.0085)   (0.0086)   
Ln Soy planting -0.0098   -0.0096114   -0.010154   -0.0100   -0.0110   -0.0112585   
 (0.0069)   (0.0069)   (0.0069)   (0.0069)   (0.0069)   (0.0070)   
n  904   904   904   888   888   888   
R-squared 0.2108   0.2111   0.2111   0.2137   0.2152   0.2121   
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Table D.7: Varroa and Cotton 
with Percentage Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
Per Cotton -0.0167 *** -0.0177 *** -0.0166 *** -0.0201 *** -0.0189 *** -0.0183 *** 
 (0.0059)   (0.0061)   (0.0059)   (0.0065)   (0.0064)   (0.0065)   
Per Cotton planting 0.0193   0.0194   0.0191   0.0149   0.0129   0.0193   
 (0.0156)   (0.0159)   (0.0156)   (0.0167)   (0.0166)   (0.0160)   
n  938   938   938   922   922   922   
R-squared 0.2069   0.2074   0.207   0.2119   0.2131   0.2074   
with Percentage Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
Per Cotton -0.0151 *** -0.0162 *** -0.0152 *** -0.0185 *** -0.0175 *** -0.0168 *** 
 (0.0056)   (0.0057)   (0.0056)   (0.0062)   (0.0062)   (0.0061)   
Per Cotton planting 0.0136   0.0133   0.0136   0.0103   0.009   0.0133   
 (0.0170)   (0.0173)   (0.0170)   (0.0174)   (0.0170)   (0.0171)   
n  904   904   904   888   888   888   
R-squared 0.2135   0.2142   0.2137   0.2175   0.2181   0.2148   
with Natural Log Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
             
Ln Cotton -0.0479 *** -0.0491 *** -0.0476 *** -0.0516 *** -0.05 *** -0.0492 *** 
 (0.0114)   (0.0115)   (0.0114)   (0.0116)   (0.0116)   (0.0117)   
Ln Cotton planting 0.0041   0.0044   0.004   0.0012   -0.0006   0.0031   
 (0.0104)   (0.0104)   (0.0104)   (0.0104)   (0.0105)   (0.0104)   
n  938   938   938   922   922   922   
R-squared 0.2131   0.2135   0.2132   0.2172   0.2184   0.2129   
with Natural Log Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
             
Ln Cotton -0.0412 *** -0.0423 *** -0.0412 *** -0.0459 *** -0.045 *** -0.0427 *** 
 (0.0118)   (0.0118)   (0.0118)   (0.0120)   (0.0120)   (0.0120)   
Ln Cotton planting -0.0098   -0.0097   -0.01   -0.012   -0.0135   -0.0116   
 (0.0121)   (0.0121)   (0.0122)   (0.0121)   (0.0122)   (0.0122)   
n  904   904   904   888   888   888   
R-squared 0.2175   0.218   0.2177   0.2212   0.2226   0.2185   
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Table D.8: Varroa and Canola 
with Percentage Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
Per Canola -0.0401   -0.0401   -0.04   -0.0369   -0.0342   -0.0395   
 (0.0431)   (0.0432)   (0.0431)   (0.0424)   (0.0417)   (0.0431)   
Per Canola planting 0.2608   0.2599   0.2603   0.2202   0.2093   0.2508   
 (0.3168)   (0.3171)   (0.3164)   (0.3121)   (0.3083)   (0.3153)   
n  938   938   938   922   922   922   
R-squared 0.2015   0.2015   0.2018   0.2038   0.2057   0.2011   
with Percentage Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
Per Canola -0.0416   -0.0417   -0.0417   -0.0384   -0.0357   -0.0401   
 (0.0446)   (0.0446)   (0.0446)   (0.0438)   (0.0431)   (0.0443)   
Per Canola planting 0.2065   0.2029   0.2057   0.181   0.1811   0.1982   
 (0.3115)   (0.3118)   (0.3118)   (0.3086)   (0.3063)   (0.3102)   
n  904   904   904   888   888   888   
R-squared 0.2094   0.2095   0.2095   0.2106   0.2119   0.2096   
with Natural Log Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
             
Ln Canola -0.0614   -0.0614   -0.0613   -0.0579   -0.0553   -0.0612   
 (0.0273)   (0.0273)   (0.0273)   (0.0271)   (0.0270)   (0.0273)   
Ln Canola planting 0.0077   0.0078   0.0078   0.0056   0.0039   0.0063   
 (0.0130)   (0.0130)   (0.0130)   (0.0129)   (0.0130)   (0.0130)   
n  938   938   938   922   922   922   
R-squared 0.2054   0.2054   0.2057   0.2073   0.2089   0.205   
with Natural Log Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
             
Ln Canola -0.0625   -0.0625   -0.0626   -0.0589   -0.0563   -0.0611   
 (0.0281)   (0.0281)   (0.0281)   (0.0279)   (0.0279)   (0.0281)   
Ln Canola planting -0.0102   -0.0102   -0.0105   -0.0116   -0.0126   -0.0121   
 (0.0140)   (0.0140)   (0.0140)   (0.0139)   (0.0139)   (0.0140)   
n  904   904   904   888   888   888   
R-squared 0.2137   0.2138   0.2138   0.2147   0.2158   0.2139   
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Table D.9: Varroa and Sorghum 
with Percentage Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
Per Sorghum -0.033   -0.033   -0.0317   -0.0435 * -0.0447 * -0.0475 ** 
 (0.0211)   (0.0212)   (0.0208)   (0.0234)   (0.0232)   (0.0240)   
Per Sorghum planting 0.3244   0.324   0.3233   0.2948   0.2842   0.3233   
 (0.2160)   (0.2166)   (0.2158)   (0.2190)   (0.2172)   (0.2158)   
n  938   938   938   922   922   922   
R-squared 0.203   0.203   0.2031   0.206   0.2082   0.2038   
with Percentage Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
Per Sorghum -0.0269   -0.0268   -0.0286   -0.0374   -0.039   -0.0437 * 
 (0.0222)   (0.0222)   (0.0224)   (0.0246)   (0.0243)   (0.0257)   
Per Sorghum planting 0.2784   0.2757   0.2783   0.2594   0.2579   0.2808   
 (0.2146)   (0.2158)   (0.2150)   (0.2172)   (0.2156)   (0.2145)   
n  904   904   904   888   888   888   
R-squared 0.2098   0.2098   0.21   0.2118   0.2135   0.2114   
with Natural Log Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
             
Ln Sorghum -0.0269 * -0.0269 * -0.0263   -0.0306 * -0.0318 * -0.0315 * 
 (0.0163)   (0.0163)   (0.0162)   (0.0168)   (0.0168)   (0.0168)   
Ln Sorghum planting 0.0141   0.0142   0.0139   0.0120   0.0101   0.0135   
 (0.0112)   (0.0112)   (0.0112)   (0.0112)   (0.0113)   (0.0113)   
n  938   938   938   922   922   922   
R-squared 0.2023   0.2023   0.2025   0.2052   0.2074   0.2026   
with Natural Log Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
             
Ln Sorghum -0.0173   -0.0172   -0.0177   -0.0215   -0.0233   -0.0227   
 (0.0168)   (0.0168)   (0.0167)   (0.0174)   (0.0175)   (0.0174)   
Ln Sorghum planting -0.0018   -0.0018   -0.0018   -0.0032   -0.0046   -0.0024   
 (0.0124)   (0.0124)   (0.0124)   (0.0124)   (0.0124)   (0.0124)   
n  904   904   904   888   888   888   
R-squared 0.208   0.2081   0.2081   0.2101   0.2119   0.209   
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Table D.10: Varroa and Rice 
with Percentage Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
Per Rice 0.0057   0.0057   0.0059   0.0042   0.0044   0.0056   
 (0.0050)   (0.0051)   (0.0052)   (0.0050)   (0.0054)   (0.0048)   
Per Rice planting 0.0057   0.0057   0.0058   0.0033   0.0025   0.0052   
 (0.0069)   (0.0069)   (0.0070)   (0.0076)   (0.0078)   (0.0067)   
n  938   938   938   922   922   922   
R-squared 0.2   0.2   0.2003   0.2023   0.2044   0.1996   
with Percentage Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
Per Rice 0.0236 *** 0.0234 ** 0.0234 *** 0.0216 ** 0.0234 ** 0.0228 ** 
 (0.0090)   (0.0091)   (0.0090)   (0.0092)   (0.0092)   (0.0091)   
Per Rice planting -0.0111   -0.0111   -0.011   -0.0122   -0.0143   -0.0109   
 (0.0109)   (0.0110)   (0.0110)   (0.0117)   (0.0116)   (0.0110)   
n  904   904   904   888   888   888   
R-squared 0.2094   0.2094   0.2094   0.2105   0.2123   0.2095   
with Natural Log Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
             
Ln Rice 0.0166   0.0166   0.0179   0.0133   0.0166   0.0159   
 (0.0153)   (0.0156)   (0.0154)   (0.0162)   (0.0162)   (0.0159)   
Ln Rice planting 0.0102   0.0102   0.0097   0.0066   0.0038   0.0093   
 (0.0117)   (0.0117)   (0.0118)   (0.0118)   (0.0120)   (0.0118)   
n  938   938   938   922   922   922   
R-squared 0.2004   0.2004   0.2008   0.2025   0.2047   0.2   
with Natural Log Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
             
Ln Rice 0.0307 * 0.0302 * 0.0305 * 0.0279   0.0316 * 0.0308 * 
 (0.0173)   (0.0176)   (0.0174)   (0.0182)   (0.0182)   (0.0180)   
Ln Rice planting -0.0096   -0.0096   -0.0096   -0.0123   -0.0146   -0.0105   
 (0.0130)   (0.0130)   (0.0130)   (0.0131)   (0.0132)   (0.0130)   
n  904   904   904   888   888   888   
R-squared 0.209   0.209   0.2091   0.2105   0.2126   0.2094   
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Table D.11: Varroa and Barley 
with Percentage Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
Per Barley -0.0924 *** -0.0928 *** -0.0922 *** -0.0917 *** -0.0888 *** -0.0922 *** 
 (0.0182)   (0.0182)   (0.0182)   (0.0181)   (0.0180)   (0.0183)   
Per Barley planting -0.1429   -0.1413   -0.148   -0.3565   -0.4727   -0.2138   
 (1.2758)   (1.2766)   (1.2804)   (1.2223)   (1.1903)   (1.2683)   
n  938   938   938   922   922   922   
R-squared 0.2091   0.2091   0.2093   0.2117   0.2133   0.2089   
with Percentage Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
Per Barley -0.0971 *** -0.0979 *** -0.0973 *** -0.0957 *** -0.0927 *** -0.096 *** 
 (0.0184)   (0.0184)   (0.0185)   (0.0183)   (0.0183)   (0.0184)   
Per Barley planting -0.5262   -0.5271   -0.5282   -0.6626   -0.7243   -0.6054   
 (1.1768)   (1.1770)   (1.1731)   (1.1481)   (1.1331)   (1.1564)   
n  904   904   904   888   888   888   
R-squared 0.2184   0.2186   0.2185   0.2198   0.2206   0.2186   
with Natural Log Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
             
Ln Barley -0.0139   -0.0139   -0.0139   -0.0131   -0.0134   -0.014   
 (0.0205)   (0.0205)   (0.0205)   (0.0205)   (0.0202)   (0.0207)   
Ln Barley planting -0.0072   -0.0072   -0.0076   -0.0093   -0.0122   -0.0082   
 (0.0129)   (0.0130)   (0.0130)   (0.0130)   (0.0131)   (0.0130)   
n  938   938   938   922   922   922   
R-squared 0.1999   0.1999   0.2002   0.2027   0.2051   0.1997   
with Natural Log Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
             
Ln Barley -0.0163   -0.0161   -0.0163   -0.0147   -0.0146   -0.016   
 (0.0208)   (0.0209)   (0.0208)   (0.0209)   (0.0205)   (0.0209)   
Ln Barley planting -0.0265 ** -0.0263 ** -0.0264 ** -0.0278 ** -0.0299 ** -0.0275 ** 
 (0.0127)   (0.0127)   (0.0127)   (0.0128)   (0.0129)   (0.0127)   
n  904   904   904   888   888   888   
R-squared 0.2102   0.2103   0.2103   0.212   0.2139   0.2107   
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Table D.12: Varroa and Spring Wheat 
with Percentage Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
Per Spring Wheat -0.0267 *** -0.0268 *** -0.0267 *** -0.0252 *** -0.0238 *** -0.0264 *** 
 (0.0087)   (0.0087)   (0.0087)   (0.0087)   (0.0087)   (0.0087)   
Per Spring Wheat planting -1.9597 *** -1.9635 *** -1.9834 *** -2.0478 *** -2.0816 *** -1.9591 *** 
 (0.3501)   (0.3528)   (0.3484)   (0.3523)   (0.3415)   (0.3487)   
n  938   938   938   922   922   922   
R-squared 0.2095   0.2096   0.2098   0.2113   0.2126   0.2091   
with Percentage Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
Per Spring Wheat -0.0259 *** -0.026 *** -0.0259 *** -0.0245 *** -0.0233 *** -0.0251 *** 
 (0.0089)   (0.0089)   (0.0089)   (0.0089)   (0.0089)   (0.0089)   
Per Spring Wheat planting -2.0052 *** -2.0116 *** -1.993 *** -2.0731 *** -2.0929 *** -1.9895 *** 
 (0.4138)   (0.4227)   (0.4209)   (0.4147)   (0.3965)   (0.4161)   
n  904   904   904   888   888   888   
R-squared 0.2172   0.2174   0.2173   0.2181   0.2187   0.2171   
with Natural Log Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
             
Ln Spring Wheat -0.0896 *** -0.0896 *** -0.0896 *** -0.0859 *** -0.0829 *** -0.0892 *** 
 (0.0232)   (0.0232)   (0.0232)   (0.0230)   (0.0229)   (0.0232)   
Ln Spring Wheat planting -0.0143   -0.0142   -0.0146   -0.0154   -0.0173   -0.0149   
 (0.0123)   (0.0124)   (0.0123)   (0.0124)   (0.0126)   (0.0123)   
n  938   938   938   922   922   922   
R-squared 0.215   0.215   0.2153   0.2165   0.2178   0.2147   
with Natural Log Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
             
Ln Spring Wheat -0.0885 *** -0.0885 *** -0.0885 *** -0.085 *** -0.0824 *** -0.0866 *** 
 (0.0237)   (0.0237)   (0.0237)   (0.0235)   (0.0234)   (0.0237)   
Ln Spring Wheat planting -0.0346 *** -0.0344 *** -0.0346 *** -0.0349 *** -0.0359 *** -0.0351 *** 
 (0.0125)   (0.0125)   (0.0125)   (0.0126)   (0.0127)   (0.0126)   
n  904   904   904   888   888   888   
R-squared 0.2258   0.2259   0.2259   0.2263   0.2271   0.2258   
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Table D.13: Varroa and Winter Wheat 
with Percentage Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
Per Winter Wheat 0.0023   0.0023   0.0023   -0.0005   -0.0017   0.0014   
 (0.0089)   (0.0089)   (0.0089)   (0.0092)   (0.0094)   (0.0090)   
Per Winter Wheat -0.1007 *** -0.1007 *** -0.1005 *** -0.0957 *** -0.0937 *** -0.1073 *** 
 (0.0228)   (0.0228)   (0.0248)   (0.0225)   (0.0227)   (0.0248)   
n  938   938   938   922   922   922   
R-squared 0.205   0.205   0.205   0.2074   0.2095   0.2054   
with Percentage Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
Per Winter Wheat -0.0002   -0.0003   -0.0002   -0.0022   -0.0029   -0.0012   
 (0.0090)   (0.0090)   (0.0090)   (0.0093)   (0.0094)   (0.0092)   
Per Winter Wheat planting -0.0993 *** -0.0991 *** -0.1074 *** -0.0952 *** -0.0939 *** -0.1114 *** 
 (0.0234)   (0.0233)   (0.0263)   (0.0230)   (0.0231)   (0.0261)   
n  904   904   904   888   888   888   
R-squared 0.2131   0.2132   0.2138   0.2145   0.216   0.2149   
with Natural Log Treated Crop Area and Forage Controls 
Ln(mites+1) 1  2  3  4  5  6  
             
Ln Winter Wheat -0.0273 *** -0.0273 *** -0.0273 *** -0.0293 *** -0.03 *** -0.0296 *** 
 (0.0104)   (0.0104)   (0.0105)   (0.0105)   (0.0105)   (0.0106)   
Ln Winter Wheat planting 0.0266 *** 0.0266 *** 0.0267 *** 0.0249 *** 0.0237 *** 0.0273 *** 
 (0.0081)   (0.0081)   (0.0083)   (0.0082)   (0.0082)   (0.0082)   
n  938   938   938   922   922   922   
R-squared 0.2133   0.2134   0.2133   0.2152   0.2168   0.214   
with Natural Log Treated Crop Area, Forage and Weather 
Ln(mites+1) 7  8  9  10  11  12  
             
Ln Winter Wheat -0.0259 ** -0.0259 ** -0.0265 ** -0.0276 ** -0.0282 *** -0.0287 *** 
 (0.0108)   (0.0108)   (0.0108)   (0.0108)   (0.0108)   (0.0109)   
Ln Winter Wheat planting 0.0223 *** 0.0223 ** 0.0229 *** 0.0209 ** 0.0199 ** 0.023 *** 
 (0.0086)   (0.0087)   (0.0087)   (0.0087)   (0.0087)   (0.0087)   
n  904   904   904   888   888   888   
R-squared 0.2173   0.2173   0.2177   0.2185   0.2197   0.2188   
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Table D.14:  Logit Varroa MiteThreshold Full Crop Model with Percentage and Forage Availability Controls 
Logit             
mitethresh 1 2 3 4 5 6 
PerCorn -0.0148 -0.0153 -0.0147 -0.0157 -0.0146 -0.0141 
  (0.0095) (0.0097) (0.0095) (0.0098) (0.0097) (0.0096) 
PerSoy 0.0097 0.0090 0.0090 0.0056 0.0062 0.0075 
  (0.0096) (0.0100) (0.0096) (0.0103) (0.0099) (0.0099) 
PerCotton -0.0334** -0.0346** -0.0319** -0.0435** -0.0411** -0.0402** 
  (0.0155) (0.0161) (0.0156) (0.0182) (0.0169) (0.0173) 
PerCanola 0.1105 0.1100 0.1096 0.1053 0.1033 0.1064 
  (0.1009) (0.1007) (0.1008) (0.1009) (0.1005) (0.1015) 
PerSorghum -0.0784 -0.0777 -0.0808 -0.1172 -0.1175 -0.1243* 
  (0.0644) (0.0644) (0.0637) (0.0732) (0.0745) (0.0746) 
PerRice 0.0175 0.0168 0.0188 0.0149 0.0142 0.0166 
  (0.0171) (0.0172) (0.0169) (0.0172) (0.0173) (0.0169) 
PerBarley -0.2209* -0.2252* -0.2224* -0.2388* -0.2275* -0.2263* 
  (0.1201) (0.1209) (0.1204) (0.1222) (0.1188) (0.1208) 
PerSpringwheat -0.0682* -0.0682* -0.0675* -0.0654* -0.0589 -0.0651* 
  (0.0367) (0.0365) (0.0366) (0.0363) (0.0367) (0.0368) 
PerWinterwheat -0.0183 -0.0190 -0.0157 -0.0167 -0.0206 -0.0144 
  (0.0359) (0.0361) (0.0356) (0.0344) (0.0370) (0.0339) 
Natural area   -0.0010                    
    (0.0039)                    
Natural area in bloom     0.0037                  
      (0.0058)                  
Natural area *NDVI       0.0000                
        0.0000                 
NDVI         -0.0073              
          (0.0056)              
NDVI during bloom           -0.0008 
            (0.0025) 
Minimum Temp             
              
Precipitation             
              
collectionMonth      
collectionMonthSQ      
Year fixed effects      
Region fixed effects      
n 938 938 938 922 922 922 
Pseudo R-square 0.111 0.111 0.1119 0.1132 0.1128 0.1128 
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Table D.15  Logit Varroa Mite Threshold Full Crop Model with Percentage, Forage Availability and Weather 
Controls 
mitethresh 7 8 9 10 11 12 
PerCorn -0.0115 -0.0122 -0.0115 -0.0124 -0.0110 -0.0108 
  (0.0098) (0.0100) (0.0099) (0.0102) (0.0101) (0.0100) 
PerSoy 0.0043 0.0036 0.0037 0.0001 0.0000 0.0019 
  (0.0103) (0.0107) (0.0103) (0.0110) (0.0107) (0.0106) 
PerCotton -0.0290* -0.0303* -0.0272* -0.0397** -0.0375** -0.0364** 
  (0.0151) (0.0157) (0.0151) (0.0176) (0.0167) (0.0167) 
PerCanola 0.0973 0.0966 0.0959 0.0931 0.0920 0.0941 
  (0.1027) (0.1025) (0.1027) (0.1024) (0.1017) (0.1029) 
PerSorghum -0.0729 -0.0718 -0.0753 -0.1095 -0.1124 -0.1209 
  (0.0650) (0.0651) (0.0642) (0.0734) (0.0741) (0.0752) 
PerRice 0.2093* 0.2078* 0.2002* 0.1754* 0.1858* 0.1796* 
  (0.1257) (0.1248) (0.1208) (0.0949) (0.1015) (0.0981) 
PerBarley -0.2341* -0.2389** -0.2363* -0.2509** -0.2375** -0.2381** 
  (0.1206) (0.1214) (0.1210) (0.1227) (0.1197) (0.1212) 
PerSpringwheat -0.0583 -0.0583 -0.0573 -0.0560 -0.0494 -0.0549 
  (0.0366) (0.0364) (0.0366) (0.0363) (0.0367) (0.0367) 
PerWinterwheat -0.0220 -0.0231 -0.0196 -0.0200 -0.0220 -0.0173 
  (0.0384) (0.0387) (0.0381) (0.0369) (0.0389) (0.0363) 
Natural area   -0.0012                    
    (0.0041)                    
Natural area in bloom     0.0044                  
      (0.0061)                  
Natural area *NDVI       0.0000                
        0.0000                 
NDVI         -0.0080              
          (0.0058)              
NDVI during bloom           -0.0016 
            (0.0026) 
Minimum Temp -0.0232 -0.0244 -0.0252 -0.0191 -0.0101 -0.0164 
  (0.0213) (0.0218) (0.0215) (0.0220) (0.0218) (0.0216) 
Precipitation -0.0005 -0.0004 -0.0005 -0.0004 -0.0001 -0.0004 
  (0.0012) (0.0012) (0.0012) (0.0012) (0.0012) (0.0012) 
collectionMonth       
collectionMonthSQ       
Year fixed effects       
Region fixed effects       
n 904 904 904 888 888 888
Pseudo R-square 0.1161 0.1162 0.1171 0.1174 0.1185 0.1172
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Table D.16:  Logit Varroa Mite Threshold Full Crop Model with Natural Log and Forage Availability Controls 
mitethresh 1 2 3 4 5 6 
lnCornall900 -0.1026** -0.1009** -0.1024** -0.1010** -0.1021** -0.1054** 
  (0.0479) (0.0481) (0.0480) (0.0487) (0.0486) (0.0484) 
lnSoyall900 0.0222 0.0189 0.0226 0.0225 0.0255 0.0275 
  (0.0360) (0.0362) (0.0360) (0.0364) (0.0362) (0.0363) 
lnCottonall900 -0.0645* -0.0682* -0.0644* -0.0736* -0.0701* -0.0692* 
  (0.0371) (0.0374) (0.0371) (0.0381) (0.0379) (0.0381) 
lnCanola900 -0.1214 -0.1202 -0.1212 -0.1183 -0.1186 -0.1257 
  (0.1079) (0.1081) (0.1079) (0.1080) (0.1080) (0.1086) 
lnSorghum900 -0.0294 -0.0250 -0.0288 -0.0392 -0.0432 -0.0428 
  (0.0603) (0.0606) (0.0604) (0.0611) (0.0612) (0.0616) 
lnRice900 0.1086 0.1027 0.1092 0.0785 0.0839 0.0819 
  (0.0679) (0.0687) (0.0681) (0.0681) (0.0681) (0.0684) 
lnBarleyall900 0.0997 0.0995 0.0996 0.1016 0.1016 0.1037 
  (0.0683) (0.0683) (0.0684) (0.0687) (0.0687) (0.0690) 
lnSpringwheat900 -0.1112 -0.1115 -0.1113 -0.1057 -0.1043 -0.1135 
  (0.0823) (0.0825) (0.0823) (0.0826) (0.0826) (0.0825) 
lnWinterwheatall900 -0.0276 -0.0273 -0.0278 -0.0312 -0.0323 -0.0266 
  (0.0352) (0.0352) (0.0352) (0.0358) (0.0361) (0.0357) 
Natural area   -0.0651                    
    (0.0968)                    
Natural area in bloom     0.0068                  
      (0.0314)                  
Natural area *NDVI       -0.0003                
        (0.0002)                
NDVI         -0.0057              
          (0.0055)              
NDVI during bloom           -0.0002 
            (0.0025) 
Minimum Temp             
              
Precipitation             
              
collectionMonth       
collectionMonthSQ       
Year fixed effects       
Region fixed effects       
n  938 938 938 922 922 922
Pseudo R-squared 0.119 0.1193 0.119 0.1208 0.1204 0.1195
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Table D.17:  Logit Varroa Mite Threshold Full Crop Model with Natural Log, Forage Availability and Weather 
Controls 
mitethresh 7 8 9 10 11 12
              
lnCornall900 -0.1176** -0.1162** -0.1176** -0.1150** -0.1155** -0.1206** 
  (0.0498) (0.0499) (0.0498) (0.0507) (0.0507) (0.0503) 
lnSoyall900 0.0308 0.0281 0.0306 0.0289 0.0313 0.0357 
  (0.0378) (0.0382) (0.0379) (0.0385) (0.0382) (0.0382) 
lnCottonall900 -0.0440 -0.0464 -0.0440 -0.0559 -0.0534 -0.0498 
  (0.0384) (0.0386) (0.0384) (0.0395) (0.0394) (0.0394) 
lnCanola900 -0.1281 -0.1273 -0.1281 -0.1247 -0.1235 -0.1317 
  (0.1090) (0.1090) (0.1090) (0.1095) (0.1094) (0.1099) 
lnSorghum900 -0.0289 -0.0258 -0.0290 -0.0410 -0.0457 -0.0445 
  (0.0619) (0.0622) (0.0620) (0.0628) (0.0631) (0.0635) 
lnRice900 0.1377* 0.1340* 0.1377* 0.1075 0.1139 0.1092 
  (0.0784) (0.0791) (0.0784) (0.0779) (0.0786) (0.0785) 
lnBarleyall900 0.1024 0.1023 0.1024 0.1061 0.1058 0.1075 
  (0.0694) (0.0693) (0.0693) (0.0698) (0.0698) (0.0699) 
lnSpringwheat900 -0.0992 -0.0996 -0.0992 -0.0943 -0.0911 -0.1002 
  (0.0823) (0.0825) (0.0824) (0.0828) (0.0830) (0.0827) 
lnWinterwheatall900 -0.0306 -0.0303 -0.0305 -0.0329 -0.0348 -0.0300 
  (0.0359) (0.0359) (0.0359) (0.0364) (0.0367) (0.0363) 
Natural area   -0.0463                    
    (0.0963)                    
Natural area in bloom     -0.0019                  
      (0.0335)                  
Natural area *NDVI       -0.0003                
        (0.0003)                
NDVI         -0.0068              
          (0.0058)              
NDVI during bloom           -0.0010 
            (0.0026) 
Minimum Temp -0.0156 -0.0164 -0.0158 -0.0056 -0.0031 -0.0091 
  (0.0217) (0.0218) (0.0219) (0.0220) (0.0222) (0.0219) 
Precipitation -0.0004 -0.0003 -0.0004 -0.0001 -0.0001 -0.0004 
  (0.0012) (0.0012) (0.0012) (0.0012) (0.0012) (0.0012) 
collectionMonth       
collectionMonthSQ       
Year fixed effects       
Region fixed effects       
n  904 904 904 888 888 888
Pseudo R-squared 0.1202 0.1204 0.1202 0.1213 0.1212 0.1202
 
